; ef e3eSPL. zh6T5<'" ELECTROPLATI TI NG SOLUTI ON FOR ELECTROPLATI NG LEAD Aﬁl PR 2003
LEAD/ TIN ALL | The Invention 01 APR 20Q@B This invention re t%g
to an aqueougﬁg\“@m&mﬁmmm ng solution for high speed 5 el ectroplating
bright tin a -1ead al l oy solder coatings, and in particular, to an

el ectropl ati ng sdf¥?™on having a sinplified chenistry that mninizes the

i nfl uence of organics in the solder coatihg. Background OF The I nvention
Electroplated tin and tin/lead alloy solder coatings are used extensively
In the to el ect ERFECERORUAIUNG SOLUAEO N QR L RCEROPLATINGEUEAD AND boar ds
(PWB), electrical contacts and conﬂgghgtm immuct or packagi ng,

el ectrical conduit, and other rela Al e plated sol der aesdst Ngs
nmust be pore free or corrosion resistant, display long termsolderability
and be free fFr@OSPhIGHaXdd LY failures such as non-wetting m i
Tin and tin/Tead altoy solder coatings are typically deposi tall m, mmlm,
speed t5 electropl ati ng equi pnent in order to maxi m ze productivity and
hence, profitabilThiy ikeghons pelets eloeen r apeausi sigctreplationi sohgiwnwiarh high gspeed
current densities that tend to jncorporate signiti.cant quantities of

or gani cs” i nt%ecfrﬂgla'brfgatbgﬁms P g 88@1‘?& nt) yvﬁfgﬁgt RedB8% rg4nitc pﬁ'ﬁ'ﬁ‘ﬁ?ri’ttloegn
beconme too |Af8plaf) SRItRRMLViEY a biplifidehemtly AR winiRlEOME Pt broalHRE
coatings produced in high speed el ectroplating processes wi ng zU
convent i onalinéiesotdengsiating.ng sol uti ons, usual |y have undesirably |arge
gquantities of organics incorporated into them This is because conventi onal

el ectropl ati sol utd t ypi ctal |y i nclude many organi c additives or agents
whi ch bri ght%ﬁ?@&ﬁMMs These bri ghteni ng agents produce

el ectro-chem cal and chem cal by-products which are incorporated in the
deposit during elEedtroppledt tifgnt hirglkad Akdyeasliergcddiiagsoagainded axddrkieely 10fthé he
25 solder coating. During high speed el ectroplating, these bl)é- products

. ] g
accumul a¢ e |gfectiRBicRINdeROpIthy MArfacHrgof ANtgd wanngR9ardsPVB, gleglaieal £antagts on

of these by- ' : .at i sl ut i ' t o} i C
cont ent of 100 Gt R dLRP LEARLIRL dithtl b ad HERERS, b OTAAE
unaccept abl elatedrivtder @batihgs shestdbipbiet fyeefonicbridgion résiqamf dispiay 1oy tMBs@delability
sem conduct or packagi ng applications, such as |ead franes, where

sol der abi | i tapd ke &epframseldesabiity fajlugespach asappyettiig and dewtdngs ol der coat i ngs
having matte or satin bright finishes are utilized because they can be
produced in high fR 3 00 LAY PAHASE SRE Bl 8o HaaNtid) es
of organics 5 ThiT;1 ?fﬂuﬁ#/%%tun‘%{e becg%rgegsﬁri&gﬁipwgﬁqgtdé@f{)d?ggﬁc’ gﬂ%‘t |E)‘5net§&si
have sone diekcimptatirgleoquytinage s onder tmakisukzespbdetivigoard hepse, wirofitabrityt eHighnd
satin bright finishes in.certain areas other than solderability. On-line
aut omat | o 1 reFERSURPRURISEYSed D BRB YRS GRRSITeD ALY 9 Booskereis acant
coatings ar & 4sfds BF b@hich@! Be pRRU d6iHeCRatindI0 WiRnGhAk SR1ahi8 FRartitk btk
have plating stains and are cosnetically supenor Bright plated sol der
coat i ngs wi ttho &ange, sélderatolity faslotedearadzictii ty can only be achieved at | ow
current densities with conventional electroplating solutions. The use of

| ow current densities reduces the plating speed of the electroplating.
b1 0Gess. This' i n T PAGRLIGET ESAP By PoURd A& T SRER THTOP e HPBFGLS e
profitab ity 0dnibhe RRIrbRatinCoORRFh Ysally HHAGE Gndelird RS &RRLAR of oryanics
el ectropl ating solution that produces bright plated Ll ~ sol der coatings
with | ow or gastirporatedtistot thatn t Adishis ghecause raonventiond i diécorspletimyl egtettbnis ny picgly
I | at i . . : .
speed el ect rir?cﬁu(?et Imna%y pgrggn?cs Sa%éitwes or agents which brighten the plated surfaces These
brightening agents produce electro-chemical and chemical by-products which are
incorporated in the deposit during electroplating thus, increasing the organic content of the
25 solder coating. During high speed electroplating, these by-products accumulate m the
electroplating solution at a fast rate The accumulation of these by-products mn the

electroplating solution increases the organic content of the solder coatings thus, leading to an



Summary O The Invention In accordance with the present invention, an(1 APR 2003
el ectroplating solution for electroplating bright tin) lead) or tin-I|ead
all oy solder coatings in high speed 20 el ectroplating applications The

el ectropl ati ng solution conprises a sulfonic acid electrolyte, a non-ionic
surfactant) a gramrefiner) and brightening agents consisting essentially
of an aromatic al dehyde and a carboxylic &acid. In one enbodi nent of the

el ectroplating solution, the sulfonic acid el ectrolyte) nonionic
surfactant) graieptablef nureer d?dﬂ&ﬁﬂﬁﬁpﬁdﬁh@déﬂm&ﬁdecarBb&&lmm aernidonductor
respectively Z: co i.se neth oni c Cld | phenoxy(10) pol yet hoxy
et hanol , eﬁ%kwghn%rﬁémﬁwn% E @ﬁ%‘%ﬂn&éw ge Sawaraﬁ%&ymymrpéucg&% are 1Y APR
2003 3 B efcr!a@acipatga 5Qer Yoarfis HEHANIES o Bin ANRARROHE WIRKHEC0 ey

vari ous additi oni eatures o ention w I appear nore Fly upon
consi der at i aranbé ptddecddlih bigh s@seed vlectmmmdg pEiotssesnath tbierable qdescies h@mluanm det ai |

in connection wth the agconpanying draw ngs ein 5 Fl Is a
graphi caf pl ot shbif iy #E Racrise ey ﬁ@emf’k@nﬁoﬁé‘ﬁéiwef%?F"eaﬁ‘S““C‘

el ectroplat i jyg,s ek'%b%lﬁ@é’?ol@&%sﬂl gw{homgt?ar{ﬁrﬁﬁﬁgﬁgﬂt%ﬁﬂés RNkrdih Greds | S @
graphi cal plot s ng e percent t1n i1n the coating vs current den5| ty
for a coati nghdrthatucelderailityh Oneine clutonpkiatinspectoal isiteasily mfpleﬁﬂmﬁterir\elseanmnuht

invention; FIG 3 is a graphical g of show nlg current efficiency
current densq14t9d pQJdercoptingsrare usedy Brighteplated splden sratiags areialsa; lewfselmtonf@%

gr aphi cal in the coating vs current density
for a coatl tm?'q%ucegd %’Q%owl?%lptsaéehggl ectroplating solution; FIG 5 is a
SEM phot ograph of a bri ght tin-lead alloy sol der coating produced by the

el ectropbating sadBright piatedf soldee cqutiegewith isatisﬁmtoiry)snld?a‘rabdhy chreoniplbe halkievedrat
reflowtestln IS ang FI.G 6.is a SENL \hOtOpgarr g b,rrg ght tt&lead al | oy
sol der coati ﬂg TSR EIItiER, With cppeatipna), elegiFoptatin éP%‘H?'?SopI § M3y O AMUEY BT

after ther I ti 0 i on
The Table. belom 1 e g e P e BRI, B L ety

coatings 20 redﬁcbumndmswtty\mdthmotkdqarcaﬂmdnllty yfthegartsef | owabi lity The satin
pl at ed sol der coatings |i st ed in the Table beI ow wer e produced wth

conventional plat| r}gﬁ{}.&?r | ati ons‘ﬁ{lh \%g .cont.ai n E s Thes
coatings have veré g% GhsS 8 2 085t f9hen ‘ftE‘W a@ﬂ%ﬁ‘?"é“oﬁ“ﬁ uéif:% riggpiate
excel | end rebldamediihgs WitPIod reinttedoARhl AtltNe B8h &)ﬁéﬁl@a@@i@le@mﬁmdnmnwee@ake

test result However, these conventional plafing formulations are not
capabl e of rfd@duplam@mmegm pl ated 2~ sol der coatings This is unfortunate,
as bright plated solder coatings provide sone distinct

Summary Of The Invention

In accordance with the present invention, an electroplating solution for
electroplating bright tin, lead, or tin-lead alloy solder coatings in high speed

20 electroplating applications  The electroplating solution comprises a sultonic acid
electrolyte, a non-ionic surfactant, a grain refiner, and brightening agents consisting

essentially of an aromatic aldehyde and a carboxylic acid.

In one embodiment of the electroplating solution, the sulfonic acid electrolyte, non-
ionic surfactant, grain refiner, aromatic aldehyde, and carboxylic acid respectisvely
25 comprise methane sulfonic acid, octylphenoxy(10)polyethoxy ethanol, phenolphthalein,

chlorobenzaldehyde, and methacrvhic acid



advant ages over plated solder coating with satin bright finishes in té@h@PRZMH
of on-line automatic 01 APR 2003 5 and cosnetics as discussed earlier If
conventional brighteners are added to the satin bnght plating formulations

to obtain a bright forrmulation, the resulting bright plated sol der coatings
contai n undesirable increases in organic content as shown in the Table

However, rn the present invention, bri ght3 pl at ed sol der coatings are

obt ai ned wi t oult Si gn f| lIwy el evating the organic content of the coating
as will be ra ON CONTENT VS. DEWETTI NG Fi ni sh Car bon
Content, % Thermal Bake Test Satin bright tin O 004 pass (produced using

conventional el eCtHeOdvahiaBEous Ohaire Qi) adiblL& abditiehul fQOIrkH of ithd higagkidh (Ml pass
(produced using conventional electroplati ngﬂ sol ution) Bright 90/10 tin/lead

0 02 pass (pap@mrcmrmﬁllhg L'@p@cqqnélsﬁratwmg)fs eutlivgsratiye  ermfeodyneeniow rioeb i on)
Bri ght 90/ 10 ti /Iea scol ora produced using

el ectropl ati écrégfiu? ?%tﬁ'l Coth%&‘BPé\gﬁr{BoF%c\?g}???yd% ayvhngg chefei”bnal prior art
bri ght eni ng agent added) Bright 90/10 tin/lead O ( Dewetting slight

di scol oration (prrdugesa yeiphigalgistsaswingratresd @hdiemphatdungnsednsity RS Bri ght
tin O Z Dewetting severe discoloration (produced using conventi onal

el ect ropl at i agtioplating sriytion madsgroningd &P@Pﬁm pIvaRted, sol der coatings are
achieved in the present invention using a tin or tin/lead el ectroplating

sol uti on based upgg 31 ?%#éﬁlg&é glglt ﬂo\%@t\%g&%é& %tﬁecdo%xﬁge\%c nY!i dhs 1;}41‘8“” ng

i ncl udes certain bri ghte ract Sy i'cal

el ectropl at iag@afity grodebed ey teieltbiroplating eslutiomoefltiesgtesthd inyentdod, der coati ngs

havi ng very | ow organi c (carbon) content 5 at current densities as high as
| 300 ASF As shoulﬁipﬁ ,aggar E.nt, th Iow or .content in the bright
plated sol der co ggs raphicali plof|s Pwm,srcav 1108 VE UGS 10" dxcel | ent

10 prior art electroplating solution;

FIG. 4 is a graphical plot showing the percent tin in the coating vs current density for

a coating produced by a prior art electroplating solution;

FIG. 5 is a SEM photograph of a bright tin-lead alloy solder coating produced by
the electroplating solution of the present invention after thermal bake or reflow testing,

15 and

FIG. 6 is a SEM photograph of a bright tin-lead alloy solder coating produced by

a typical prior art electroplating solution after thermal bake or reflow testing

Detailed Description Of The Invention

The Table below 1llustrates how the organic content in plated solder coatings

20 influences their solderability and retlowability The satin plated solder coatings listed n the
Table below were produced with conventional plating formulations that do not contain
brighteners These coatings have very low organic content which enable them to achieve
excellent reflowability and solderabihty as evidenced by the thermal bake test roesults

However, these conventional plating tormulations are not capable of producing bright plated

2
wn

solder coatings This is unfortunate, as bnght plated solder coatings prowvide some distinct

advantages over plated solder coatings with satin bright finishes in terms of on-line automatic



‘reflowability and solderability. The very | ow organic content in bri ghq1 APR 2003
pl at ed sol der coatings produced using the electroplating solution of the
present invention nakes themvery useful in high speed to continuous
el ectropl ati ng applications such as connectors, IC lead frames and ot her
el ectroni c conponents. The ability to achi eve such | ow organic content at
hi gh current densities advantageously pefnmits use of the electroplating
solution in these high speed el ectroplating applications where hi

gh
t hr oughput &A% SPpHCHRsclitsassed iejera HecopyalipTl Brishienersye gededrip ke wHbibhEkies
.used in the | Ve ploat i 0 1St QIYBLJ<C
al dehyde an(?‘ag}{%g)r 8‘%‘/ |Sggg{):tlg@.aa#{'?gggﬁgtﬂéﬁnb&g?%gﬁbgEem%%ggdpe‘fdljjsﬁg'?{ ons As a
l ei elrn~, ag&nih dndesiraflé inteeatdian NB@ichdvacat af sove ial thé ddbls urH@ewer] e the
synergistic interaction of these two additives, produces bright tin or

tin-lead al PEyens dIvaetonciaht plaied splee coaings preRb@ined withew sigarieangly clexauag theel y
hi gh current densifies X e e Sone of the aromatic
aldehydéé w%ﬁ%ﬁQzP@eﬁgga P%gﬁgq?h@l%ﬁ%@??@%ﬁgﬁgﬁgLsolutiun 2u i ncl ude

chl or obenzal dehyde, net hoxybenzal dehyde, the allyl ether of

2- hydr oxybenzal dehvde, adA RBONSTONTENT V. DEVREH TFING hrch contain an
el ectron donating group on thc: benzene nng. Sone ofthe carboxylic ands
hich are useable rn the electroplating solution f the invention include
met hacryl i c Kiaish, acrylic acid and th€arbeieUoménty€s. | nTheemaliBadkieEadt,
the aromatic al deh~~de conpri ses chl orobenzal dehyde and the c~trhc~ Ire
.t~rd z5 comRfih beghi@A hacrylic acrd To inproopea the di sperstbil pisy of the
solution and suppress the ~ r ~~th F dendrites) a non-ionic surfactant and
a rain refigngiudie afgedcdRedtd@aisol ution [~ ~~ rt~~n ionic surfactant

i nproves theedt E%%Qﬁﬁx#y of the solution and also ensures flirt tt~-~
hl,tted 01 APR 2003 so &er coatings adhere well to the underlying

substrate TRe,;95a t§@$daﬁ/§ea§uppresses the gppwt h of dendri tespg)ganpl es of
suitabl e non-Toni @ surtactants include aromatic conpounds such"as

substituted S it nyl and phenol conmpounds Exanpl es, of
sui table gr 5&88‘%&&?1 ;{grﬁ‘g i H(%:q%gr]c}}ea)“ﬁet erocyclic conpounds such as substituted
5 and unsubgtequ %l&gf%{gﬁéo es, cyclic imdes, and oxazolines. In one
enbodi nent, th janic surfactant conpris a pol yal koxyl at ed_al kyl
phenol , suck¥ tg@?bﬁﬂhﬁ\‘i‘oxy( 10) pol yet hoxysgghanol and the gr &M\ refiner
conpri ses phengl pht hal ei n, The .al kane or al kanol sulfonic acid electrolyte
used in the ‘%’81?‘(?2?0?{’5@%0&’?8 "INt er sol ubl e or soluble in the sol ution.
Sui t abl e suFPlBHRNCTARS RIesentiBYsiH@Y)t he | ower al kane or al kanol to sul fonic
acids containing 1-5 carbon atons In one enbodinent) the sulfonic acid
el ect r ohrt e BrighpPO/d@&ndeadhanesul foni ¢ aci d. OPhe tin and/ or IR E8HBounds
typically used in the solution are those which are sol ubl e idscaPigne or
al kanol sul fRIAduced cilgige arseciroplafingn al kane or al kanol sul fonic acid salt
solution of the present invention
with  additional  prior  art

brightening agent added)

Bright 90/10 tin/lead 01 Dewetting shuht
discoloration

(produced using conventional

electroplating solutions)

Bright tin 02 Dewetting ~evere

discoloration
(produced using conventional
electroplating solution)



However, the tin and/or |ead netals can be added to the baths in vari dusAPR 2003
forms and do not t 5 have to be added as a sol ubl e al kane or al kanol

"sul fonate salt. Lead, for exanple, can be added as | ead acetate. Thus, the
solution can contain ions other than sulfonate ions as |ong as sufficient

sul fonate ions are present to produce the advantageous results of the

i nvention The netals should predoninate ds sulfonates in the baths A

‘'solution for electroplating a tin-lead aJloy is typically prepared by
add~n~~ abuut 20 Brightoplaigd|solder eqptings: 3[R AEUIEVEd UN ftof BREEENE iYERIRHLESG- A BN | of

-the |ead s “kiﬁ@k{&@%@ct?&blﬁggts?lﬂoﬁ l%?{ae@hn gﬁ alﬂ%{g%@gﬁMl &gf%;}u% até\ ief%ctﬁorlrge SRl 1 on

for electrop Ing et I'n or prepare e sa manner by
respecti vel ynchided tértaéh bhghtérirdadiitive$ alip ditsrasiusyinbrigitie)ly Harbdickcssdiatingap ar e
added about 2-2 ~ ~~I of octyl phenoxy( 10)pol yet hoxy ethanol, ~ibuut O
08-0. 12 g/ 1pedughlieht phenhan-tead alloyselder epatingy aging very dew eFgasicdbasbondicortBitde

and abouyt 0 8 ol f et A ' f h lution is .
pr epar ed, i %‘é%ne%%ﬁg%%asﬁus%gﬁ i lr%g '%:Fg%‘s g@dggdd&e$p§é&e§tuﬁ]eﬁ8 i 'Cpcrogté:gtslg for

el ectropl at tHegbiight- pigrRd @lidePYcoutiics i@ emical irs pesidimd ehddoingsi Wigh tekeeliBmet ~t |
substrate in a electroplatin<, solution equipped wth a conventi onal

el ect rode urgflgwebility angsoldesghditp003 7 plate tin or tin-lead alloy onto a
nmetal substrate The electroplating solution is maintained at a tenperature

cl ot ropl ati ng. aBe o x| gtk O obu B KR oBERS b ERodttl, L
substrat e i slettRjphitiag netbtibn dfhihe SPesdiiti PRentiot anakehahenborey asefidi ini Wgs spesd a 5

period of tinme that is sufficient to plate the substrate with a tin coating
of a deli r egortiRpeuselesyontgtieanplicptionssushsas saRngeioegKolgad framespad other gesitonisy has
a thickness_of t L.t ~t 0], U] repar ed
by addi ng SBQ@OE%tEDF }?fes'g g‘#\m oﬁosggng%%asggh g%%gﬂﬁ%@%@eﬁ t%tﬁlglgrla&gnﬁsé%g?lﬁﬁasead
net hyl sul f avahtagdousia penfits st @f tiaf el@iroplatiosstutda i thiedd high Bp&id rdagoslitthgn!  of
a 70 percent nethane sulfonic acid. To this solution was added about 2 g/1
of octyl pheARPkgaLiens pderg dighdhrpughpbing highasadusialyare posaiblsi | abl e under t he
tradenane Triton X-1000 from Uni on Carbide), about 0 08 g/| of

phenol pht hal ei n 3 Eal |y id ; § i - SCd hEL &GS an @bout
D 25 21 ot “ohl oD A B R RO e it 1
g/.t of 1Fet haomati¢ aldehlydel adoa/airh exipliceacidr Fhe Aoshaticdidehydeedsorfesations axq ls@hnit | on ~~
as then used to plate | ayer, of tin-|ead | oy on a substrate of copper,

copper al | 0§88t tos‘fr@éqv.e%ﬂ sﬁooihnﬁ?sé)ﬁmec?éﬂtﬂﬁ“%léiﬁ %’t"’ssyf‘ﬁé‘sﬁﬁ‘l"?eéarﬁ'o‘é?‘f‘f‘%?ency of

the el ectrop|afddifes BljoUtt.ui,eQ Bl‘ié’r{tﬁn or tin-lead alloy solder coatings with very low organic

content at relatively high current densities as shown in the above Table

Some of the aromatic aldehydes which are useable in the electroplating solution
20 include chlorobenzaldehyde, methoxybenzaldehyde, the allyl ether of 2-hydroxybenzaldehyde,
and the derivatives of benzaldehyde which contain an electron donating group on the benzene
nng. Some of the carboxylic acids which are useable in the electroplating solution ot the
invention include methacrylic acid, acrylic acid and their derivatives. In one
embodiment, the aromatic aldehyde comprises chlorobenzaldehyde and the carboxslic acid

25 comprises methacrylic acid

To improve the dispersibility of the solution and suppress the wrowth of
dendrites, a non-ionic surfactant and a grain refiner are added to the solution T'he non-

ionic surfactant improves the dispersibihity of the solution and also ensures that the plated



the above exanple. As can be seen, the current efficiency was high at(adkPRt2003
80" and renmi ned substantially constant betty een current densities of
about 400 and about 8()0 ~~ SF 2ci FIG 2 graphically show s that the alloy
conposition of the coating produced by the electroplating solution of the
abov a exanple was stable over a wide operating ran~.:r ~uui w as not
sensitive to agitation The carbon ~e~ntefit in the coating was |lower than O
()" " ~ FIG3 graphically ,hos the current et~iciency of a typical
in~~ritiiinatldel metingsgddhtiengelsiolthe imderlamg sEbGatel The giphi rebmdrypupitessss thhe

-all oy conpositi gn gf a, ~~i ~Ei n~:. 2; fprod@ced b}/ sane .As can be seen, t he
can ~~enti oRA™8| BctdeBHigt i A BYPLEL ot 14RIE nnen-onch SYGANGT R AP i n
the current cgfﬁﬁ'odﬁd)! LRAOEs LhRkinWes aH§eQ1st19§titL9|e@C§He9ﬂl ahd Qﬂhe?{@lhcérh&unéi um-n
of the present invention | ~toreow, the coating produced by the

convent i onaExahphas-pf auteble grabilrefiRis 200Gledetanvéyohc canpaindeduch aushstitugder

organic content (greater than O |. 9. as c ared to the coating produced by
the el ectr omﬁwwgstgme PR Sctie '%lf*e% oAt Sealies I .O“?ﬁ@%i’r‘i&‘meg%tt%ﬁ?’l]r es
of the refloyrd tdontEad ald ¥is&oald Nosi e Dyajpe gh&%t,roma]t' ng

solution of the present invernition and a convéntional "bright el ectroplating

5 sol uti on actglptiesplyehdgpoliyethdtyeetignbl aal thp grtirogpfiaghemptisés| (BEn@plamdei® The
phot ographs were taken after subjecting the coatings to thermal bake or

fl tests Fi i ]l ust t he . [ f f th ti
br oduced 11 om  hAR PLSEHS SR PGB AR GIreBr VR PaBe Rt han EREROR aiEn
conpared W tdiid G &iddie haRe RutfbnS S@laBRu SR didsGRIuR ROBWRr alkBRI & dikgnHi0
dewetting in FIG 5 whereas there is a gross dewetting mFIGto 6. The

dewet tilng phefooicenids corgaiging iyl daficodtdms tlhent binbedimers,' the sulfopigiisidestettrglsen on
the coating surface. Dewelh%li nag. can be detrinental because it weakens the
interface bEYPRASERMEPARESWNGE Wy o and the tin/lead | ayer Peeling or
adhesion problemis _ likely to be experienced by the parts. In this

regard) the coat iTRg tRrMedie eshdf doRipolints thsiesenised MSthe ABKLOH ateSthsdePRRitPfret O
t he coating produced fromthe conventional bright plating solution IS Wile

t he foregoi sjublgrinedlkinerordkandlsulforiieads dand doum eh alkatecpreaikancl sulfonis atidixaite
enbodi nents.. vari o srﬂrrrlodi' Oiégati on be made wi t hou
H'§ r

departing  FONELSHe i Bl RO PR PR AT B > 48 do o

nodi fi cgt i ORseaBtheCAHABYAS aSHRbledlkahé OF Glkantd 38R AROKGdD&r daiple! intird
thereto are considered to be within the scups of the clains 01 APR 2003

What is cl apddsd ab kead acetang Bilusche whitian crmycanddin ions atherstbarbsuionase 10ps agt lprgyast i n,

| ead, or tin-Jea | oy .sol der coatings canprising. a sulfenic acid

el oct r ol yt e irigien sQiep G sFe e Ao i SFRL LTI RN o SuPishatie
sal t; a noNnme@R shodt hfcAcmdate 4 Qilfonktes iNGhebhtiar omat i ¢ conpound; a grain
refiner conprising a heterocyclic conmpound; and brightening agents
consisting essentially of an aronatic_al dehyde and a carboxylic acid,
wherei n the sur f Actodyiton fgr slesirenpdatingdrtinglgad b‘i/qygﬁfbé’#ﬁaH)gP%?@éfﬁfi yadding bt ed

B one sof Gep SRR MR IRl PR ST g R L A RE DR 4T3
2. The el ecbropll of inRthai@utbhiecial (&lsalufibd fordiet@bRtihd eitlak Gt ladeampound s
prepared in the same manner by respectively omitting the lead or stannous sultonate) To
this solution are added about 2-2 5 g/l of octylphenoxy(10)polyethoxy ethanol, about
0 08-0.12 g/l of phenolphthalein, about 0 1-0.25 g/l of chlorobenzaldehyde and about 0 8-

25 1 2 g/l of methacrylic acid

After the solution is prepared. it can then be used in a high speed electroplating
process for electroplating tin-lead alloy onto a metal substrate by placing the metal

substrate in a electroplating solution equipped with a conventional electrode used to



selected fromthe group consisting of substituted and unsubstituted thﬂyAPR 2003
and phenol conpounds. 3 . The electroplating solution of claim1, wherein

the aromatic conpound is a pol yal koxyl ated al kyl phenol. 4. The

el ectroplating solution of claiml, wherein the aromatic conpound is

oct yl phenoxy(10) pol yet hoxy ethanol. 5. The electroplating solution of claim

1 wherein the heterocyclic conmpound is sélected fromthe group of

substituted and unsubstituted | actones, cyclic imdes, and oxazolines. 6.
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claim1, wherein thé carboxylic aéid is nethacrylic acid

el ect ropl at himgutSagkmt i on of claim 1, wherein the sulfoni c aC| d eI ect rolyte
is selected fromthe group consisting of al kane sul fonate and al kanol

sul fonate. 12. The electroplating solution of claim1, wherein the at |east
one of a tiEXa®MPd&nate salt and a | ead sul fonate salt conprises a tin

sul fonate salt and a lead sulfonate salt. 13. A process for electroplating

a substrate W th A ighutidnBah prfartd By ARBL & Laxs OFQHH{d@ 'nﬁ%ah@@ul%n@@smgf
provi ding an el ectropl ati ng sol ution conprising a sulfonic acid
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positioning the substrate in the electroplati'ng solution; applying current
densiti es a¥-y@ frem Uhan Gloode), 300t ASB; g/laafdhenolphthalein (commercmll_y available

from Fisher Scientific Co , about 0 25 g/l of chlorobenzaldehyde (available from Aldrich),

15 and about 1 g/l of methacrylic acid (available from Aldrich). The resulting solution was

then used to plate a layer of tin-lead alloy on a substrate of copper, copper alloy or steel.

FIG. 1 graphically depicts the current efficiency of the electroplating solution of
the above example. As can be seen, the current efficiency was high at about 80°% and

remained substantially constant between current densities of about 400 and about 800 ASF

20 FIG. 2 graphically shows that the alloy composition of the coating produced by the
electroplating solution of the above example was stable over a wide operating range and was

not sensitive to agitation The carbon content in the coating was lower than 0 025%,

FIG 3 graphically shows the current efficiency of a typical conventional

electroplating solution and FIG 4 graphically shows the alloy composition of a coating

25 produced by same As can be seen, the conventional electroplating solution was not capable
of plating well in the current density range that was used for electroplating with the ~olution

of the present invention NMloreover, the coating produced by the conventional electroplating
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100/0/'|F+#10%)/o/&() z! ~ F+#10%3/e/&() ZI XF+#10% / & () -z!' f"#109M M & () -
’\’PM@ aqr)lgg , #10% \ -\ & ()-4!"
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10% & ()-, 0, aﬂ-ﬁ)&@/&n@ surfactadXifnéprising dPaLOME dompbsh@?s & () -, ! 10% & ()-
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owea () S ey o 1 g v
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S 10% & ( )sucf} ?héﬁt (&1 c)lectropf Ei?ig%o éﬂgr? 1Cs ada{f)t]e'g f@r%iél? sp%g')d plating of a bright solder

coating having a carbon content of less than about 0.1%.

2. The electroplating solution of claim 1, wherein the aromatic compound is
selected from the group consisting of substituted and unsubstituted phenyl and phenol

compounds,

3. The electroplating solution of claim 1, wherein the aromatic compound is a

polyalkoxylated alkyl phenol.

4. The electroplating solution of claim 1, wherein the aromatic compound is

octylphenoxy(10)polyethoxy ethanol.

5. The electroplating solution of claim 1 wherein the heterocyclic compound is
selected from the group of substituted and unsubstituted lactones, cyclic imides, and

oxazolines.

6. The electroplating solution of claim 1, wherein the heterocyclic compound is

phenolphthalein.

7. The electroplating solution of claim 1, wherein the aromatic aldehyde is selected
from the group consisting of chlorobenzaldehyde, methoxybenzaldehyde, the allyl ether
of 2-hydroxybenzaldehyde, and derivatives of benzaldehyde which contain an electron

donating group on the benzene ring.
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12. The electroplating solution of claim 1, wherein the at least one of a tin sulfonate

salt and a lead sulfonate salt comprises a tin sulfonate salt and a lead sulfonate salt.

13. A process for electroplating a substrate with tin, lead, or tin-lead alloys
comprising the steps of

providing an electroplating solution comprising a sulfonic acid electrolyte; at
least one of a tin sulfonate salt and a lead sulfonate salt; a non-ionic surfactant
comprising an aromatic compound; a grain refiner comprising a heterocyclic compound,
and brightening agents consisting essentially of an aromatic aldehyde and a carboxylic
acid,

positioning the substrate in the electroplating solution;

applying current densities at greater than about 300 ASF; and

maintaining the temperature of the electroplating solution at a sufficiently high
temperature so that the substrate is electroplated with a bright solder coating have a

carbon content of less than about 0.1%.

14.  The process of claim 13, wherein the non-ionic surfactant comprises
octylphenoxy(10)polyethoxy ethanol; the grain refiner comprises phenolphthalein; and
the brighteners consist essentially of chlorobenzaldehyde and methacrylic acid, so that
the current densities are greater than about 300 ASF, and wherein the temperature is
maintained at above about 50 degrees C so that the substrate is electroplated with a

bright solder coating have a carbon content of less than about 0.07%.
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16.  The solder coating of claim 15 wherein the electroplating solution is adapted for a

current density of greater than about 300 ASF.

17.  The solder coating of claim 15 in which the electroplating solution is adapted for

electroplating with the temperature maintained in the range of about 50 to 60°C.

18.  The solder coating of claim 16 having a carbon content of less than .07% wherein

the current density is between 300 and 1300 ASF.

19. The solder coating of claim 16 having a carbon content of about .025% or less

wherein the current density is between 300 and 1300 ASF.

20.  The solder coating of claim 19 in which the non-ionic surfactant comprises
octylphenoxy(10)polyethoxy ethanol; the grain refiner comprises phenolphthalein; and

the brighteners consist essentially of chlorobenzaldehyde and methacrylic acid.



