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+ WO 2004/ 050959 PCT/ US2003/ 036545 REDUCTI ON OF SURFACE

OXI DATI ON DURI NG ELECTROPLATI NG Background Art The
present invention relates to a solution and process

for reducing or mnimzing 5 surface oxidation of a

wei aba/@deesit provided by a plating process g¢hisfnso3ssds
el ectroplating. The solutions and processes al so

provi de i nproved deposit properties including

appeaRBPOETIONIDP QUG Rb% UXMAT%WﬁﬁRW@tﬁﬂE$Tﬁm%TMG
tin all oy coalings have been use
ot her applications such as wire, and conti nued steel

SBhékgrdul AMRNY years. In electronics, they have 10

been used as a sol derable and corrosion resistive

sur f acEhefpresentinteptiontshitesde 8 selutibnpod pecess fer. reditmégg cgmenimizing

a3 RctISA n%gp LSYIch

B ek Biuiin of ihele bl bRLidk b Ob ARGl Hlh ot e ofaing

allhosplytionsgol fireagsses alsdproivida ithprevedplepasit gnqmeﬂ éncluding appearance

c RERbgirsuch as capacitors and transistors. Though

applications vary, there are some comonalities

r egar cﬁlcﬁgroplamdltiacwﬂ tie akoypt @atidgs b bekh usedfin BlRtirdhivs had 6ther

issue 1s |aong rmsol.derability efi ned

bR e PHF. et el eRp firapma yeare o Shveromg ey have

abego osi-dsas E@I&lﬂerﬁlﬂb lﬁﬂ(ijd doProgioh %ﬁﬁ%ﬁlﬁﬂﬁwﬁrﬁsﬁl%% b&igcts and connectors.

ects .t hat , air t el ectrical or
A S R i B et Y . Iditon, a thin
d&jf& loffiMer POy SOAPPBEPL the Fidal step Cor pRERE cORPbnehfROEH RRbpacitors

whi.ch are extent of surface oxide fornation,
aar?ﬂﬁﬁf's‘ $e™Scodeposi ted carbon, and extent of 20

i nter rmbaéﬂ ApBliGOIBROHRS tcps ﬂ@ﬁdlﬂé‘conﬁ’%lfaﬁﬁ% %ir the reqmrements
for on-is a natural occurring process cause
jfer eﬁ“ﬁ"oﬂ‘y snfitashy | Qerigsye isdpnecternTnlderability.odefined weihe @hnhty of the

QhirthddSinth ?&ﬁ afRKhffe a é’cﬁﬂ%gﬁﬁr Jgﬁt {ol'b‘?%etr @%ﬁgﬁpn%htg eithgtrﬁ defects that

tinme, In another words er at
|vm1§%¢nnaﬁéhq¢lwémat¢remcmm¢<aépomlosurface oxi de that is

f | t
c 8;?:9 ELS %rl? grret E e o Si ﬁfag g‘lfté ]{eo ogéﬁgﬁ‘r%l?lﬁ% ﬁ%rS ﬁhf é‘?nlglaSt lmlyortant of
deydrate exdent ofierfooe @adqefoﬁﬁatmr q;mmoq;codéposm aafbh] 40 eRfent of

S50 dn: SRS S R i s

(bﬁcalll#ﬁ lmsehermud)frmm:aﬂ)( fairemblbh he aitd ofﬁbﬂhﬁhoﬁ @ﬂtﬂlle shrdHS oxide
Codeposi t bon.is deter y the
Fpg %ﬂ@ KTpStarge ‘"87131551 E%th?f&%'g%% e@ﬂl@ Ysmaerapie and
dxmgenathm tiﬂne,ghethwk&r the sur 0606604 hat i BAmP@t l8hd Edlé §mgctmﬁxated tin

{‘ @flnlshes $re .30 normal |y rougher than the
PT i djpycoatings ondepositfesusiacs oxideamanion alsp derends emthe murface

heghology of the coating or deposit. When comparing pure tin to tin alloy coatings, for

example, tin alloys generally form less or thinner surface oxides when all other conditions

are equal.

Codeposited carbon is determined by the plating chemistry one chooses to use.
Bright finishes contain higher carbon contents than matte finishes. Matte finishes are
normally rougher than the bright finishes, and provide an increased surface .area that results
in the formation of more surface oxides than typically are formed with a bright finish. The

plater thus has a trade off between potential amount of surface oxide and surface finish.
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are formed with a bright finish. The plater thus has

a trade off between potential anpunt of surface oxide

and surface finish. W 2004/ 050959 PCT/ US2003/ 036845

wa 20040508 [ | ¢ conpound formation is a chem CRBET/US2003/036845
reacti on between the tin or tin alloy coating and the
substrate. The rate of formation depends on '
t e n‘per Izttmhﬂtaﬂﬂ:d:oiﬁpﬁﬁld&!im\iﬁbﬁ is a oHeRer red RI0R BEt et BS1iRB%in alloy

ert sul in a thicker |ayer of
SPR 20t Subsirg ﬁaﬁfféc of @F‘BlaPﬂbiie@%dean tepRetErc@pdtime as well

h |rggtestenqbegnea @ﬁ I&Igbrdﬁﬁs% Bésuit bra thickes lﬁyér SPRkABGILE Sortpounds.

use a 2 non-bright tin or tin alloy plating solution,
2) dep %f”f‘Prﬁv%‘EffeF‘f"E? B highest degrestofsplderability, rsa:mpeszarw 1) usea

t hed-brdght tinee tip é]ld%ﬁ:ﬁﬁ{ng |s81h§<5d;7§} @pbditCa ﬁangg@&g‘ 'Fasvelf SRt {u? Biioy so

t caonsune the entire 0O preven
0 FhaL'T“ﬁIi%ﬁq Pedeorptermegaliis COFI‘P@“‘N %rrpqt@p &l gofrcdonmenettie entire layer,

ehiRdH 6 Brel @HRE hilit 8 SxfcRtire ofhE % %ﬁgc% t& fele%tté&?tgmperaturcs for

is relatively easy to achieve 1
v%’ftﬁz“dd%ef‘f’ tine 5" achi eve 3). The 10 t enperat ure and

tinme qﬁmsrﬂgﬁ%“@ﬁi' tooa%ﬁﬁs}fé f)gﬂ& Bltltl {etvglarl C‘{ lljlyg?ga[sj‘@ie}leﬁ}é The

tin or tin all'oy deposi
aSERFmBie edme ¢féab513®mt Ia#’td:reemllcst aﬁeg plmrgléfé‘a:ﬁwrl tii’lglloy deposit is

| Ro¢Ruliy
| eadf r aﬁigﬁ%cg c %%l[dg%%bbl: t ce@é}%ﬁg %nldr?ngmg ?’ﬁn‘gﬁt‘lﬂ}‘g layout and
phragtice gFor examplenini“tve tpa@f’ldagﬁ‘am bechrivdo®, &ffer g tinfur ﬁﬂ @Hby plating,

g‘%g ntit g&ﬁ?ée ﬁl?ﬁ?\%t(o &g%hrba% e%slpsl(t)%s zlﬁ?e:ah‘éﬂg pcrlod of time for
Glllﬁ@tmcm@athlﬁelrmmrmumﬂs tlﬁﬁnd.‘l Ie&fhr?@lsjaf)tei%graﬁr?s as high as
rrace oxl des or

t mre a r t hi
L1 LBy RO PR okt Mt oidet oty Pkl &t rsce the
RSB oot ey e e GRSABT M k30 o
PGS peulion stfseiron e JonmppRslsaF prscbbissal ooris complcte

Ther efTaereforrd it isshiglilg BdsitaBleR AN £s Ecpprg‘&cﬁgoﬁ’i’ﬂﬁ’lﬁn&gsurfa ¢ oxide
revent or E]'RrH m ze surface oxide TfTornmation on su F]

pAFTRLon e B ¥y tsthisds todntrefuesaleanéormal coating on
GlensuefhdBRIf tReOH brithh 2By dedfdsit. hﬁusﬁ%ﬂn@ﬁ%g Qs ﬂehs%nﬁﬁap égdr in'th 0 general

aI | o dep05| t. This technol ogy can sunmarize
%@ﬁ &ing thag éﬁ%‘@%‘i‘ Pregiousgprtalichating apé Hieathea that gpliesum organic
I&Bdtia TRitsNEht e 1 DfdeSit !
coat Fn g. The f?gr?’?t Scate g%%;/fof @a{ esl f‘rtglt?lr gﬁ fo ﬂo’g‘%p osits because it
TOFRREE PRFXRSASIYY, Xtes Progoess sidpl Jhe sexpod Edtegoeis alss @ndesirable because
it Rl VR ik G383 e .
LU SR, B BRSNS KEs ofL0R OERESTG 1 B8 ol g i
mﬂnﬁgﬁkﬂuy tQ the p@td&ni@twmmrre vfthe orgamlo cOdting that (sl dep@;ﬁléd These
MRS r ctrica onge ue
e et Db R PRl B BT bl S FEmb it gty
Pllﬁiaftssﬂss deposited. These i npur ities have proven to be
ggts re 'rfg;]%gxtﬂ&l); (%mlthe? scﬁﬁ{%%g %L{ﬁ is prob e%ld;rg ggc%eg nagld Ith%se are now
provided by the present mventxon

Summary of the Invention

The invention generally relates to methods of providing improved metal coatings or

metal deposits on a substrate and to articles of the metal-coated substrates.
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- Accordingly, further solutions to this problemare

needed, and these are now provided by the present
invention. 30 Summary of the Invention The invention
generally relates to nethods. of providing inproved

MY 0485820 ngs or netal deposits on a subst rROTASAIE/036845
to articles of the netal -coated substrates. 2 WO

2004/ 050959 PCT[ US2003/ 036845 The invention rel ates

to a NEHeli@ebntion refiflad g mdtholl ke cRRAndRIEARY dolldeyabfty 8f A®iEtal coating
coat i ngt on, a. substrate by I ncorporating trace anmounts

o™ HHBLFG PYLCOTRORHRE Be AOREE 0T RigsRhsTySdp theanctal gpatig o reduce

Ostir Elé é;@ad@%%nwihglﬁlbﬁqg&ﬁ HeRME al@ Bfub BthaREofid éSin solderability
ermsolderability "of the nmetal coating.

enhance | ong t
wféhfpﬁetgkﬂ%%% The Phasphnra fedvritagepydipraided i thhaetrioating by
Cia@drhdiatintdya sdutddo? bRAPRIrLE a%olﬁggﬁ § at @Bseﬂri? PRV Y Alé}%l%oating

solution that is used to provi e metal coating

t ¢rethe gubstratatse thas thephesphemve isprerddadovithsthe metsl ovatidg dn thieshbstrate
tﬁ)&?[@tsguﬁggati ng on the substrate fromthe solution.
Preferably, the netal coating is a netal deposit

provi decfetadlyethe cnetad phaging isg raetal dehasit povidaidyadlectroplating and the

' 0 ol ut.i on ions o e t al

RO0RR AP PHReoR A AR L0 Ruah e oo cftl ok S stfpte can e
tdrl]weiepmitadi aldug ity tled mﬁ?lr&lﬁh@élémg;plaghgf $H&F]Isroﬁlﬁ:ﬁ of phospl;]orus is

osphorus i s ica conpoun Qs rus .t hat,
RRRERD Ao ind o6 hooite Bt BRI otR e e sPB TS sk provides ppm
lexsts| of phbsphbtias RhbE btal depobit GRenllly 6O aftdl degosid 8ppddu¥ed by
t&@ﬁ% gﬁt al deposit is. pr?duced b el ectroplating at a

FEpEtIEA e denssy g ’é‘h&féﬁtefttﬁ%_ baB0076d0 ASR

Anot hemomebafibdiiént OF the it chtibngBlalcd b the bRLiESsdiRidhlifat is used to
plating solution that is used to 15 provide a netal

PEQE & mefal depasiban 2 subgrater pThis soitigniinpernonen oneee o8 phosphorus

_ i gty
RRAGHE 2 e P RIRD B tricaBlufls bIIAMIBARIR e el s recuce
suidase oxide dermptien and thes dnbanes fangteranedldepability nfitin oetdl depysit. The

i1 f. I It
B0 SRS kel DS BAOER W gy o
deapabbut 200 pamd &t cao elab be macivlower then thisissertdih amtah Beposits.
200 p . I be much, | ower. than this.in
cert a?ﬁé Wér%n&%%% s %5@%5 3 aﬂdﬁ‘FFewFf?&‘é‘HE i taﬁlcg%mggpgtsglgstrate
twhiezin the tietall eoatingrchelesigaca ity ofshdbpHdgusdherain to reduce surface
ein the netal c trace

substrate e ti I pcl ude
S0 rBhion SGh pES 9, Emso ke oily e 5 b deposigypraerably,
teraridld © prafded Biudechopianige | ong term sol derability of
t he n¥t al d]eg)o it. Pref_erabIY, ) . ) _

he metal of the metal coating, metal deposit or articles of the invention preferably
comprises tin or a tin alloy, since these are typically utilized when soldcriﬁg of the article is
necessary for further manufacture. Deposits of nickel, cobalt, copper or their alloys are also

desirable.

Detailed Description of the Preferred Embodiments

This invention realizes the importance of incorporating trace amounts or ppm levels
of phosphorus in metal or metal alloy deposits or plated coatings. This element significantly
reduces surface oxidation of such coatings or deposits therefore improving long term

solderability. Since phosphorus preferably can be added to the metal coating or deposit

3
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of the netal coating, netal deposit or articles of the
invention preferably 25 conprises tin or atin alloy,
since these are typically utilized when sol dering of
2004765090 e 1S necessary for further manuf aetuns2003/036845
Deposits of nickel, cobalt, copper or their alloys are
also desirable. Detailed Description of the Preferred
Elibmghﬁmﬁaﬁxe BhnFHLBritd e ihaol ufed b HepBSit thB enetdIIPEdeR A6 equire

4§$ﬁgﬁpratln trace amounts or ppmlevels of

% 1B RTECPsins iens nop flostdatrodyes KpPuucRTa the optirg Package:
coat | NOke terhbitface hRORI” i$ 0@ e Y deYectabRAMRat SFuh ER&RNt such as
Oﬁ%ngéon of. such coatlngs or dep05|ts therefore

i fhitdhRreteat i a ragiplslepassiand which amaent DEvides B eRcgsnrable

przgirev@&hvlnqme teRt d61erkiity R 1IXGh fti ng or
deposi t WO Zogéjf/ 050953 Pé‘F[ Us200 %03%%4 t hr ough

the s a?.l@ tith (PPELIE YRS stmdt opthe Iﬁaloumtsn partschet willerprangs of an element
t igh ﬁ?f)lﬁ:‘sphdrﬁs tARSSprBQht i %qﬁlaltalﬁ r | ?d 1591’091@9% n&%ﬂ&zﬁﬁé oyement

ste s_nor does it introduce S on e en
]QégfevﬁéOI@@'ﬁ'i’#ﬂYtqf#@én&aMmsg is used to mean a

det ectaRligcAMRUREs &t pﬁﬂ?‘%:l G(%EQO &ﬁ%g‘ﬁ’ﬂ%‘ﬁ‘g@ 3 onq{wh%pemﬁc metal

that is present In
pleposit T axampde i wibked danommp:ho meomn will be eribe baiegoft280 Ppm or less

S‘Qiufjce[rof?@ﬁ éﬂdt%l a(flpgé 1rt] @v:ﬂ'ﬁé gﬂ the Pd%r otI 52 rpgg-le%-éer m " ppm

| evel s" stan anoun mllion
r Bigadditive aan bd esod lﬁ:tr an§ mehl d@oﬂhﬁhmﬂhﬁf béssoldeftl. This includes, among

t t d bl
EIE kel Rt il RGetien ikt aer AT eper Seging i
ri!ablahll},cmpﬂactlﬁnenﬂ' ﬂirecdduﬁulﬁataﬁmy rfrofves SBThRMBNS (¢PRe substrate; (2)

dely d h f 10
o ey SERETE Wik e e ashed ihesuiniinend () the

. Vnoldlerlﬁgémﬁ!ﬁndl ligel® T'Hﬁ’so%rlﬁé)&aﬂ@ﬂﬂ‘n@élf ﬁs%ﬁﬁy is \é'mnl 0? t]B %1'1031 0t the

tin alloys will be on the ord

raloes Campgng P‘("%e carbegeads asatbpoRSiak: y Imté@ areswé pbrsntton
tﬂhaiphbﬁau!: B ah&dst@ Itlﬂ:%éiﬂ deﬂ—&it% 1%&&&%&01&%% 8%@:%? o?

{Ia, ni ckel copper,, sten Zl NC
tSH trates fhapcagtainsaich é?neﬁlgs ﬂné/ or ﬁ&@p@wne;atséhwaestta(bh attached to them.

e SRskHER of Hﬁﬂpdﬂ%f&ie{rﬁfc Hﬁl‘é@&ﬁﬁ&% f@é\%ﬁﬁ mat@:rlgl such as

the substrate; (2) 15t e conpo ev ce
\RAPREF stegl, are-ﬁmnlw stqsl b’ﬂxeamatmwdms thh surfack ok idatiar ofabxcsubstrate

@Rd/of fice Wc‘ﬂq sni?ﬁta%ﬂitg 0 ljjc s%ﬁi Iedw& tﬁeaﬁq‘iicﬁewng %3& erltaq1 eIt can

mat er | al |tse i
8lsp sedugg the fnnnemmpfontemaa:mmmom fdnehumdposaf Tt d1@ttin alloy

05k bR RSB o SRRIS B b o

| suijeteadab 'rdﬂohfywlmndﬁaetﬂ alesve eHeir relatively low melting temperatures. However,

the reductions in surface oxidation is useful for the other metals recited since it is easier for
solders to adhere to those metals due to reduced interference from oxidized surfaces. For
example, when phosphorus is present in a nickel deposit, it may eliminate the need for a
further coating of tin, a tin alloy or a precious metal.

Tin and tin alloys are known to have various plating chemistries that can produce
various characteristics in the resulting plated deposits. These include appearances of matte,
bright and others (e.g., satin bright). These can be achieved by a number of known

chemistries based on sulfonates, mixed acids, sulfates, halogens, fluoborates, gluconates,

4
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* substrates that contain such deposits and/or the

coni ponents/ devices to be attached to them 20 The
substrate or conponent/device material conprises an

el ectropl atabl e material such as copper, steel, or
starnd/eegsost eel . The invention reduces the seCraG03/036845
oxi dation of the substrate and/or device which

i mproves its ability to be soldered with the sol dering

Meitr@tel aid the liket Hor endHrEfinéi@d WeaSors NBIHAE ABEY, QLhaE alkyl or alkylol
|ntt<21§71r(r;t=:at8 [1ic coppounds for _his purpgose. Tin and'tin

aff (8- @etiipng SpHIieAGidgars grefrsted! Insioisions e giiliedkartisan

t Reuldkasw At SededRIHS nY do@inlvaRR 28hiticANo BRIAR hance plati
subjected to refl own{%t?en hez;t ed gbolvle tﬁ%ﬁ rglog%ni %ﬁefalng

| BARERRSen G epipreatprefeaed chepiftsise fnclude BIS natenitssh 3012834 6:248,228;
SENERER. O Sl ) .
BnEn6w; axd 6l8fd AR dhe cHedi dF ?a{c):fr? bf ggﬁﬁ% & é}ﬁfesosrlsgglglé@gm%eg herein by

recited since it Is eaS|er_ > ers't
t Frdrdencaherate; These patentealscdistlase pletifmyolnives dndqrroeesdes for@ther

SHEGRGESdesRT  exanpl e, when phosphorus is present in
a nickel deposit, it may elimnate the need for a

ftirt Hsgeoxdangttp thy infentipm theepldting salitian/canibe aodifeedivathsthe addition of
et ] | S-are known to have various

oy et aloft FOFe bl ThploRks 1 BRIy TS0 Bl Sl o
chergani¢c phdsghdrescampotinkthatss atl leastaryiliytaed pépatty highly or fully

T R 5 B e B s o
riaerdyed, with hb?pnphnTpfhﬁéwadir%Lﬂrffe&edD &me%bes%ﬂtﬁ Swell as

mxe@ acl gs u € . ens, ugbor ates, _ . ,
RIS cor NS a0 Sopcrpmpp G psaminin a wide rago of

Gdoh¢eatrationgraid tHeakilled BrtishDdan @BNdEOR3 IR 18dts toREANRe the optimum
sulfogl cids, suc | kyl or alkylol sulfonic

-coperttptpndor anyparicelar Galh fsmblation. Thhas bagnfopundthiat bebgeen(OrS o 15
ichin ipfeferalili Gofidbbhieikoa g osphfBHis dofpaid bhakithkie g)‘rf' most

bat hs ,ma%pcont ain various additives to facilitate

SRRymEenabbaths. nidie exarples Husttate a mrisred ecncotrationtange eftbetween 1

GRE AIgA b @Raih BEpIR AR 1RS¢ LA 1,253; 6,248,228, 5
0, 18§ 619; and 6,179, 185; the %)g]?}a?%ht of each of which

i s exprhasbeep founddha phespheruheandk defiopited esfeen witearange of

t : [ I ' ti

oS piing LORRGR A AT P bAG B3 8 M fikell CEARG current
tdgnsitfes of lesscthan abaut 2008ABF ateiuseyl. Sdpendimgumanhdspecitic phiing

hbiBmbRe i L f, §w6 a5P nt ..of rce o
\gﬁ OIETBE or %“?gg%}e‘ﬁgﬁ%éf %)ﬁﬁgtrhu S sdg arce &leg EY) 3806{ géio?rgeé’ At {3"’%’?“ 25
2ad 1 vSFaan be peds pfitrhighec onpatidabsitibg imetad detosit£@s nade more
' nd prefer i gh r fully . sqluble. in

Filicty 86 il ARG o ¢ e ool he ot i Tppytor
pltlmilkxiﬂdh taeaffmfcnpiﬁﬂ&mhb : af ths %Jlﬁﬁﬁhogﬁh%ﬁwuﬁ:e G?]th‘ﬂt ﬂrl]lb amount of p}aosphorus in

p sphi t n referred. Hypophosphorous aci
ﬂ% ot ‘§@et°°&}}°o 3#83’&& 0188 thisih 1o factisas dhe gmougef phggphorus source
e Bath, GUPHIIE SotGRETerde] i@ Gt dah aflecfbAR siaBBB Sother performance
criteria. Instead, it is much easier to control the current density to the desirable ranges
mentioned above since small amounts of the phosphorus source can be used without
affecting or significantly impacting overall bath chemistry.

The substrates to be plated can vary over a wide variety. Of course, the usual metal

substrates, such as copper steel or stainless steel are typically used, but the invention is also

operable on composite substrates that include conductive and non-conductive or

5



* concentrations, and the skilled artisan can conduct
routine tests to determne the optinmum 15

concentration for any particular bath fornmulation. It

has been found that between 0.5 to 15 g/l and

PYQREWHBWPY from about | to | Og/l of phosphorR(E/US2003/036845
conpound are suitable for nost conventional baths.

The exanples illustrate a preferred concentration

r ﬂétg:@phfabl&eahﬂllﬁﬁnelgctrcﬁﬁuﬂah He g{qdiorfs OThi€ ﬁ(}[otriﬂbﬁhe %lﬁnﬁ wWithS: niuber of
tin or_tin 0 aths... It has heen found that

R ten St nihe R EFIEBLBo o DEAT dEeRa g thy Phsgphors
edcatiinifPdapbiiR®f BeVciions dependi ng upon the specific

nmetal to be plated. Generally, current. densities of . .

| ess tH5AesHlsEE Platssmodicts san b ussd n pasalica phdifigtsahanphgations in the
SH&d dfiefecRbiiés, Rite c@ﬁﬁ%ﬁi@e‘l'glati% EhSIRE 2AEBRLL WiredhhiReS

than 1000 ASF, |ess than 500ASF or even between 25
aypiflenabiineef refow peopggiegareneedsd hitdgatheea fpund that insperioratias |

noflB R e [dSp Rt BelFBAEs Y ik its th
;ﬁnfgﬁﬂntos of :E;hgpsp_hoflgil fé né&flnﬁtﬁdg@d%%%%i%m%%@?ﬂsmt a
fhevermatie o brizbt Grtishes.dAadoted, thisfdsilts in fimprames svideodbility gerformance.
phosphorus source so that the anmount of phosphorus in

the deposit is detectable. One way to do this is to
ifxamplese t he anount of phosphorus source in the bath,

but thisci,s not preferred since it can affect b

ot b 115 I, GBI bl bl Ao ePoch brefiblo g amd
| Bogesreh for dlsd peéseditdnentién.ol the current density to the
desirabl e ranges nentioned above since small anounts

of the phosphorus source can be used w thout 30
dhxhfpleiing or significantly inpacting overall bath .
chen13§r¥. The substrates to be plated can vary over a .
wi de Vaf idloyinglectigpiating solytion wag arepgred fr obtaiming # satipignatte tin
depdyitas copper steel or stainless steel are typically
used, but the invention is also operable on conposite
subst r at es43 gfhtin ph#annges dfai¢uct i ve and non- conducti ve

or 5 VWO 2004 dPaRr9 .B§TI EJS2003/ 036845

el ectropl at abl e and non-el ectropl atabl e portions. This
provi des t heg/psosdiven ispfhednate nunber of options for

manuf act ur i jfferent types of parts or articles
wth the p?g@%ﬁ%¥ﬁ§£ cont ai ni ng deposits of the

i nvent i on. 20Tppen gsukfiteng pl at ed products can be used

in a nunber, of differen ications in the 5 fields
of eIectro%P@@P“%FF%ng%gﬁgﬁg,zsteel plating, tinplate
and ot her sbaldne¢ ®aenhanced sol derability of refl ow
properties are needed. It has been found that

i ncorporating phosphorus in the deposit helps to
gikghpiepcant |y reduce surface oxidation in deposits

t hat Qf{ﬁ matte or bright finishes. As noted, this )
r esul T4 ooy irg elogiseplatsr salutinn wat greprsed foF AktaaEg a satin/matte tin-

lead deposit:

63 g/l tin as stannous sulfate

7 g/l lead as lead methane sulfonate
100 g/l methane sulfonic acid

15 g/l sodium isotheonate

5 g/l surfactant

20 ppm grain refiner
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10 Exnpl es The foll ow ng exanples are used to
illustrate the nost preferred solutions and processes
for the present invention. ExMle |I 15 The foll ow ng
el ectropl ati ng solution was prepared for obtaining a
S londeseasbe tin  deposit: 45 g/l tin as st anPODES2003/036845
sulfate 80 gll sulfuric acid 15 g/I sodium

i sotheonate 20 5 g/| surfactant 20 ppm grain refiner
phosphorOUSpRmanssthbmﬁﬁzpopalance wat er 25 Exanpl e
2 The foIIOﬁﬁng ectroplatlng sol uti on was prepared
for obtaini © n/matte tin- |ead deposit: 63 g/l
tin as stannous sulfate 7 g/l lead as | ead net hane

fonat.e 30 100 g/I nethane sulfonic acid 15 g/l
s%%fuﬁﬁésotheonate 5 g/l surfactant 20 ppmgrain
refi neﬂ‘hﬁfu‘ﬂﬁvﬁg QILESMIMI s&@ﬁéﬂ%@ﬁa@eﬁ%ﬂ&twﬂﬁ@ﬁ BASKtYR deposit:

sour ce: bal ance water Exnple
f ol | owi ng E?Oe% A5 1SRRG SYet i on was prepared f or

obt ai ni ng agoyi s@ifirid 4cig deposit: 50 g/l tin as
st annous suf fate 80 g/l sulfuric acid
I sodium iSotheonate
3 g/l surfactant
5 gfl brightening agent
phosphorus source: NatH;PO,

balance water

Example 4
The following electroplating solution was prepared for obtaining a bright tin-lead
deposit:
50 g/l tin as stannous sulfate
5 g/l lead as lead methane sulfonate
100 g/l methane sulfonic acid
15 g/l sodium isotheonate
3.5% surfactant
1.5% brightening agent
phosphorus source: NaH,PO,
balance water
Examgle S

The solutions of Examples 1-4 were plated on Hull cell panels under the following
plating conditions:

Hull cell plating: 5 A, 1 minute at 110°F with paddle agitation, copper and steel Hull
cell panels

Leadframe plating: 75 ASF: copper alloy and stainless steel substrates.
Two sets of samples were plated: controls and samples containing P. The control samples

were obtained from respective baths without the addition of the phosphorus source

7



* 15 g/l sodiumisotheonate 3 g/lsurfactant 10 5 g/l

bri ghteni ng agent phosphorus source: NaH2PQ2 bal ance
wat er Exanple 4 15 The follow ng el ectropl ating

solution was prepared for obtaining a bright tin-Iead
Shapmed/dsoosp0 g/ | tin as stannous sul fate 5 g/ bet/8@dosaBeses
| ead net hane sul fonate 100 g/l nethane sulfonic acid
20 15 g/l sodiumisotheonate 3.5%surfactant 1.5%

br (Npitt,BO) n ThalyaliP O, BH@SRIMBbHSthS W€ BundNRIIR BeReficRRINAAGE examples
vvagl:rgge %5 Eﬁ.ﬁﬂgﬁ 5 The solutions of Exanples 1-4 were

pl a gcf SH FI* cel | panels under the follow ng

pl at i NP eandaty Hérartination i ACRE RIS nséd vhherd thghfﬂé%_iﬁisl%tissolved in

I I. OF.w ddl.e agitation, copper and stee
3g i apid 68%1 B?lgg%s% ?egl'f’r’é‘ilﬁf #feiupry to mpssupegrhosphopiscortkntoFhe

5 anesulis shiowed it phodfloriuafchdh 85ch sdifle ?ﬁlgéd Qémslgfm !Pﬁrzl In addition,
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vverC? g(%atgd: c(gantrol s and sanpl es contal ni ng

c SRTHBT S EApPEdtopwrpenspynieradd from r especti ve bat hs

Wi t houtSeldarbaiddi MERBre®bf f : YA

" 2004/ oéogsgﬂ%dcT[ U82803/§83i§§%a§g?§?% Bt G b ip g Lok,
co alpres qad Purkce Mowet Soldanability Tes nisthod PeCIPSYJEDEC Industry

t BeadadIm-eA are between 1-5 g/I. P content
determ nation: A wet nmethod was used where the deposit

is dissolved in
Bxamples 6-9 _
The following tests were performed to show that the incorporation of the ppm levels

of phosphorus in the metal deposits of Examples 1-4 provided unexpectedly improved
results with regard to improved solderability, reduced surface oxidation.
The deposits provided by the baths of Examples 1-4 was baked at 175°C for 7 hours.
Strips of stainless steel and copper Hull cell panels were put in an oven maintained at that
‘temperature, and periodic checks were performed to observe whether any surface
discoloration occurred. The presence of a yellowish surface discoloration would indicate

surface oxidation.

Example 6
For the tin deposit produced by the bath of Example 1, stainless steel and copper

panels, the control strips, i.e., the ones with deposits that did not have added phosphorus,
showed discoloration after 5 hrs, and the discoloration Wwas worse when the plating current
density was below 100 ASF.

The stainless steel strips bearing deposits that contained phosphorus did not change
color under the same conditions across the entire Hull cell panel. Furthermore, these strips
did not change color after 7 hrs. The copper Hull ceil panels with the phosphorus containing
deposits showed a little yellowish color at current densities below 100 ASF, but they looked
appreciably better than the controls.

Solderability tests were conduced after the 7 hour bakin g, with the following results:

Controls: samples plated at 50, 100 and 150 failed
Samples with deposits containing phosphorus: all passed

8



*nitric acid and |1 CP detection techniques are used to

nmeasur e phosphorus content. The 5 results showed t hat
phosphorus content in each sanple ranged froml to 7

ppm In addition, reduced surface oxidation was

Ve WebRéspd. Sol der abi | i ty. Measures of sol dpéﬁlggjobg,(%ésﬁ
were determ ned using the Dip and Look, Wett

Bal ance and Surface Munt Sol der abi I|ty Test rret hod
peExdrflé JEDEC | ndustry Standard J- STD-002A. 10

Exan'plelg %}9 The %gllovvl ng tests were perforned to

show t HEF hefi-leartasposis 9f Exymnls 2.thath theyeantrely endsthe deposits containing
p hpisysplerussdid ﬁottsh@w B8doMrahRNGR} bakingf mﬁ?é@c!%tﬁ% surfide o:gd:%tlgn can be

pr ded un ctedly i nproved r regar
nﬁ‘ﬁb?fera HH H aHP phlddepesitduced surface oxidation. 15

5 The depomah@lda&ﬁéébdjﬁg sch&er&ﬂiﬁty%i '%ﬁt L

10

15

20

bﬁ@ed at 1K hours. “Strip al;’g’tal A esgosdtf %rﬁaining
0 Qﬁ?b‘@rs WﬁdllmE@VFm%ﬁ@féhW@‘olput in an oven
mai ntai ned at that tenperature, and periodic checks

V\ﬁge Egrfor med to observe whet her any surface
di tion occurred. The presence of a yell ow sh
surfacq-"oidth%ﬂ m&ﬁtd R dmb g

QUL R Ebdimp R, P S (o B eppbetad those

oxXi Ciht@' Qn. e For

by¥# B%P(Oﬁmdbat EHHP phosmhorss)ahdnoeslmgrt edir aaaothemm&rbake These

Paapdsis weRQ emmh

Gonars SRR Rlgy boldims il ki p A e tésdhpipotols changed

d |C§Ié’6 F%habtlwﬂo‘?aflﬁ@ reflowhwhile thmshntlitﬂa vdihabodepb s it 10 cofbdin
h&Sh¥E Rotlsh&y rrent 25 density was bel ow

vvg &§SK The st IH%%QSJS]Q%‘ Iié:el strips bearing deposits

t hat contai ned phosphorus did not change col or under

t pQa5A@® conditions across the entire Hull cell panel.

Furthernore, these strips did not change color after

7 hrs. Forrike hr@]bptar-le&mﬂdpomaldf Epafiglk 3 N s%ﬂxrﬂe@ Gol8s Rfiﬁ‘blé%nd those

c &S showe I [ t | owi sh col

ot et ARPEIBlA Lo G nakghatiasfolor iy techeabake. These
3@epapxpsr\mc atbbept tloetﬂosx Cdnbﬂﬁnd Vofeh th@ idstRd showmg e E@Qbﬁtﬁ&lychmged
&ﬁ'sto\éﬁ K v& (:edﬂaftg‘:E1 t he 7 hour_ baking,

f T I8N A venys il . saplorvish s daosts Gt @otain
MSMsmﬂsmmﬂgmﬂymne@ wi th deposits cont ai ning
phosphorus: all passed
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tin-lead deposits of Exanple 2, both the controls and
t he deposits containing phosphorus did not show
di scol oration after baking, indicating that surface

WO sSeldsessecan be further reduced with a ti @Il,ﬂjégb/om%m
deposit. 5 Al sanpl es passed the sol der abi I Ity t

but the sanples with deposits containing phosphor us

shovved i nprovenent over theHEaLAIS Examle 8 For the
ht tin gegosits of Exanple 3, all sanples (both
ﬁdﬁflla‘éﬁ'e nd those 10 with the deposits that

cont ai n phosphorus) did not change col or after the 7

hour ai Thes sits were subject to reflo

dep
condi tilons % E‘t‘hfér Aemedhe spddrabgiey pka mFtH]éoéféft&qﬂ@I sybstrate
c haﬂﬂﬁ&bmlﬁ'ﬁéﬂhcdrﬁbr&ing @hate RduhRWE BhdsBhortisSih kRWhich&ink R reduce

sa the dep OS|ts t@j‘gy contai n phosphorus not
rﬁmﬁ TP fiEHg Avbsape Ainecand thg enhapee Igpg ighm solderability

tldf-tﬂ[eefagtalcbam[ts of Exanple 4, all sanmples (both the
controls and those wth the deposi ts that contain
phosphorus) did not change color after the 7 hour

bake. EheseThéiﬁ&ﬁedéﬁta\ﬁﬁﬁ%vh%%ﬁetn t0 ddp kit Dhpri 1, cobalt,
conditions with the results show nge th‘f’;l\)t‘3 lt he élg%StHFCOCSCD :

c FARRFEFNESP.Hin, Bn &1 g ef thyB PG af ter reflow while the
sanples with the deposits that contain 20 phosphorus
not show ng _any difference. 9 WO 2004/ 050959

PCT/ US2003/ BseBetied of cfainmil mjhras ighetphpsphenus isipeageritén the mep!

MR i Qﬁet&aaﬁeﬂsﬁ&mﬁuhesmwﬁ@@{?am W Of a netal

coating on a substrate I ses
i ncorporating trace anounts of phosphorus in the netal

coating, to tRAuGR.d &H{gftﬁﬁew%iﬁﬁw Hss'%%ﬂu&’[a gijd%deﬁ%the metal

subsequent heati ng us en
s GPHEE AYiincorppratipg a tiChlecerﬁé Phdsphayag tnmgoluﬁon thiatds neetl hoptowfle the

|
g g:get{:tc&ati‘ﬁ? gﬁ ?gggﬁegp‘gte [581% gsotvgﬁr%oasﬁlgtal‘:c%?@{ﬁ oniihe sulbgtrasc from the
t Belipory| | oys.

5. The method of claim 4 wherein the source of phosphorus is a compound of
phosphorus that is soluble in the solution and which provides ppm levels of phosphorus in
the metal deposit.

6. The method of claim 5 wherein the metal coating is a metal deposit provided
by electroplating and the source of phosphorus is added to a solution of ions of the metal so

that phosphorus can be co-deposited along with the metal during electroplating.

7. The method of claim 6 wherein the metal deposit is produced by
electroplating at a current density of no greater than about 2000 ASF.

8. In a plating solution that is used to provide a metal deposit on a substrate, the
improvement which comprises incorporating a source of phosphorus in the solution in an

amount to provide trace amounts of phosphorus in the metal deposit to reduce surface oxide .

10
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“ | The nethod of claimIl where in the phosphorus is

present in the netal deposit in a detectable anount

but | ess than about 200 ppm 15 4. The nethod of claim

1, wherein the phosphorus is provided in the netal

FHRZAYS8S i ncorporating a source of phosphorRETP§0G$036845

solution that is used to provide the netal coating on

the substrate, and Prow ding a netal coating on the

s [sEptioR dirme shisedient keating ofohe depositio tisenbanchlodg ¢fim solderability of

Cliing:gt qahgsei n the source of phosphorus is a conpound

of phosphorus that is soluble in the solution and

whi ch provi des ppm | evel s of phosphorus in the rret al

deposi 5 where

cogt i nég is '131@@8111[]?& E&%%él%lgt&llbe?éon\l/ 8“”58*‘&935101'“3 15a compound of

eplwsplroog thatiingplebielintthreschution asd whichpesiidee ppia ldvﬁls@ﬁﬁﬁﬁphorus in

t{%e e?a‘?ldgﬁd Qn of ions of the nmetal so that phosphorus
5ep05|ted along with the netal during

eI ectropl ating. 7. The nethod of claim®6é wherein the

nmet al depo r el ectro Iatlng at a
curr enlg deﬁ@lets ut ‘?%6 gd’t’%ﬁ“ﬂ ﬂ’&ﬁi’h%ﬁB Pfus Boomentdrthegpstal deposit
analdetemableatmnglﬁolewmuobmm mtised to provide a
netal deposit on a substrate, the inprovenent which
conpri ses incorporating a source of phosphorus in the
sol utiten i MhaEolutdHfBlairk 8 wieR éiﬂ#rfs
phosphorus in the net alrﬁgeposﬁﬂtgéﬁcgaggﬁge sur aesolfu(:ke] cobalt,
cB?PEFé tungstapeyine din/op StryEghqacioyy S20031036845  f or mati on
duri ng subsequent heating of the deposit to thus
enhance long termsolderability of the nmetal deposit.
9. ThdZsol kh¢ ssutisn of tlainng Sheveir the metahéemmumpﬁ)dnf:ed by

uderft is
g%?ﬁgﬁlgﬁ#nsdtta%e SO a@g%ﬁp%?n%cat rit@ B%Oggétsgpm | evel s
of phosphor us in the netal deposit. 10. The soI ut| on

of clg t he orus i s present

net al d e pos?ﬂ\?&cg CC”“P d Smgﬁf%g{ﬂ 03K QP f SPhstrate é’@gr eflhtﬁﬁ metal

abasng 1R0BIep rave dhduit of fhusplsRhsthérei A8 isGhraduFBbyhe nRid of

%ﬂgnqetal deposit conprises nickel, cobalt, copper,
ungsten, zinc, tin or one of thelr al | oys.

14. Anarticle comprising a metal coating on a substrate wherein the metal
coating includes trace amounts of phosphorus therein and is produced by the method of

claim 6.

15.  Anarticle comprising a metal coating on a substrate wherein the metal
coating includes trace amounts of phosphorus therein to reduce surface oxide formation and

thus enhance long term solderability of the metal deposit.

16.  The article of claim 15 wherein the substrate comprises metal and the metal

coating comprises nickel, cobalt, copper, tungsten, zinc, tin or one of their alloys.

11



* 12.- The solution of claim8 wherein the netal deposit

10 farpa

is produced by 15 electroplating at a current density
of no greater than about 2000 ASR 13. An article
conprising a nmetal coating on a substrate wherein the
el Zo4/050emat | ng | ncl udes trace anounts of phoppNeKB3/036845
therein and is produced by the nethod of claim1l. 20
14. An article conprising a metal coating on a

subst r av. e wAa re&bﬁoﬁl&té’d ﬂ‘ﬁ&léﬂ:onuﬁﬁﬂi’g‘ a!}ﬂethlﬂiégébﬁ%;ﬁ atbsﬁ@sftﬁte wherein the
i s produced by

ano ho orus therein

T PRt R St of pRpshorS Shestic Pk PEICRIFdd the method
maeffalainc®Rt i Ng on a substrate wherein the netal

coating includes trace anmounts of phosphorus therein

to reduce surface oxide formation and thus enhance

| ong t es.m sPhelefia@bbf didivh 19fwHeRgh B bR st A ROSbrlises thPral 2Hd8he metal

article of claim15 wherein the substrate %onprls
néPﬁFgéﬂﬂp?ﬁﬁuﬁéf%Pnﬂ@G'coatlng conpri ses ni cke
cobalt, copper, tungsten, zinc, tin or one of thelr
al l oys. WO 2004/ 050959 PCT[tJ82003/036845 I T An
el ect r bpl atdwelagtiaplates agtistgronprisige a nwed depodie pos bubsoate svherein the
Sulad A es trace
e et B Eha RS e s RS e
fion agd ﬂaﬂs anﬁqnml.ong &pnwéerabzhiyajfmeoﬁetm dapawit17
wherein the substrate conprises netal and the netal
coatin |ses tinor atin alloy. 19. An
el ect rzgi’p agicld afickirg dPphersinnie substedtatontpeioashdtal@Ad the metal
S aﬁ%?%@f& nmet al deposit includes trace
aﬁ%ﬁ%% lg%ﬁgrus “Yherein to reduce surface oxide
10 fornatlon and thus enhance long term solderability
of the netal deposit. 20. The article of claim19
wherein the substrate conprises netal and the neta
coating conprises tin or atin alloy. 12
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