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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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prerslesl, and these are now provided by the present
invention. 30 Summary of the Invention
Accordingly, further solutions to this problem are needed, and these are now

| provided by the present invention.
30 -

. Summary of the Invention

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

metal deposits on a substrate and to articles of the metal-coated substrates.



The invention generally relates to nmethods of

provi ding i nproved netal coatings or netal deposits

on a substrate and to articles of the netal -coated
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Invention relates to a nethod for enhancing the
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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

s'olderability. Since phosphorus preferably can be added to the metal coating or deposit
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30 This invention realizes the inportance of

i ncorporating trace amounts or ppmlevels of

phosphorus in netal or netal alloy deposits or plated
Ww63hdedsese This el ement significantly reduceﬁcﬁﬁng,@%ﬁsﬁ
oxi dation of such coatings or deposits therefore

| rrprow ng long term solderability. Since phosphorus
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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,
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sol ders to adhere to those netals due to reduced
interference fromoxidi zed surfaces. For exanple,

when phosphorus is present in a nickel deposit, it my
Wbi2004sdese t he need for a further coating OfP(H‘fP 2068/036845
tin alloy or a precious metal. 30 Tin and ti ?oys
are known to have various plating chem stries that can
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Diebfaionl Bl BB SR ool Bhet bisn Yourd St et p o 15
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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
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qui ckly so that | ower anounts of phosphorus found in
the deposit. The bath fornulator 25 should add a
suf ficient anount of the phosphorus source so that the

WBGkjosddso PhOSphorus in the deposit is det eﬁé’?ﬁéﬁoamssms
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with a nunber of options for manufacturing may

different types of parts or articles with the
rus containing deposits of the invention. The

resul fﬂmmiﬁg L RIQME LR t&ﬁguﬁ@eﬁlﬁgﬁﬁi{b&?&ﬁ%ﬁﬁioﬁg and

di fferent appfications In

prloegssesdion the prewint mves®hi ng, steel plating, tinplate and
ot hers where enhanced solderability of reflow
properties are needed. It has been found that
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significantly reduce surface oxidatiagn in deposits )
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déssit:ts in inproved solderability perfornance. 10
Exanpl es The foll ow ng exanples are used to illustrate
the nost pgPeflsinasdlanusiugsilits and processes for the

present i | @M. nple 1 15 The foll ow ng
%ﬁ%ﬂtgb@%}i{cuat@lﬂa

el ectropl ati°n on was prepared for obtaining a
sat i n/ mat 16 gllisodiunieqwdsionate 45 g/ 1 tin as stannous

sul fate 0 ./ ulfuric acid 15 g/I sodi um
i sot heonat%eg”%ﬁa% /1 surfactant 20 ppm grain refiner

phosphor 026 ppagigie refivat2 PO2
phosphorous source: NaHzP-()z

balance water

‘Example 2
The following electroplating solution was prepared for obtaining 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 suifonic acid
15 g/l sodium isotheonate
5 g/l surfactant
20 ppm grain refiner



10

15

20

25

30

bal ance water 25 Exanple 2 The foll ow ng

el ectroplating solution was prepared for obtaining a

satin/matte tin- |ead deposit: 63 g/l tin as stannous

@Blzf,@pﬂgog,@ g/l lead as |ead nethane sul f onat epcBfehiPsasss
/'1 methane sulfonic acid 15 g/I sodiumi sotﬁeonate g

g/ 1 surfactant 20 ppmgrain refiner 6 WO 2004/ 050959

PCT/ US2003/ S source: NaH2PO®2 bal ance
wat er n%%gﬁéﬁ;g @E& ¥ ;'Fil'r‘ oWi ng el ectropl ating

sol ution wdalapcaapaered for obtaining a bright tin

deposit: 50 gl1 tin as stannous sulfate 80 g/l

sul furic acid 15 g/l sodiumisotheonate 3 g/l

sBxdraté ant 10 5 g/ | Dbrightening agent phosphorus

sour ce; POZ bal ance water Exanple 4 15 The

fol I ow m&h vwes tlegroplaing saletianewas prepated fereqbtaining 4 bright tin deposit:

obt ai ni ng gogﬂltﬂf&g sthhrddul §Aflte deposit: 50 g/l tin as
stannous sul fate /1 lead as | ead nethane sul fonate

100 g/ | rretgﬁgﬂéulﬁmcff@dl c acid 20 15 g/l sodium
| sot heonat g5 g)?lség/ﬁrﬁlrgo{h%ﬁa?@t 1. 5% bri ght eni ng agent

3 g/l surfactant
5 g/l brightening agent
phosphorus source: NaH,P0,

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

- Example §

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 paddie 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
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phosphorus source: NaH2PO2 bal ance water 25 Examle 5
The sol utions of Exanples 1-4 were plated on Hull cell
panel s under the following plating conditions: Hull

@ dJoosls@dsbng: 5 A 1 minute at 110F with padgbfmszeosmsﬁms
agi tation, copper and steel Hull 30 cell panels

Leadfranme plating: 75 ASF. copper alloy and stainless

_ . I :
StERH,FOWHS ThAl A, PO] Wohce b aioRd th%t%gﬁl: %‘f’jm&\%rqeﬁﬂl%g%{cgag }pptp%sg examples

control s"and sanpl és containin e Co
weFebeswea Ing@/lf r om r espective baths without the

gg'?'l/ Us%bgg;egg%gﬂﬁb&%%%‘?ﬂ?%%}%ﬂ O(f)él t/hg ?igpgoglg is dissolved in
c mitoe atid and KiFsdetdution 1eetimiqueo R Gsddo RalieSHosSHoAls doRtent. The

t hes xanmpl.e are between 1-5 g/l. P content
o ST IsTIRRER URE pheShRorus foriceidn feed siela rvgsed Bomtelo dapusifn addition,
i sedibebatfuasbridutionivhd ito@iiidaand | CP detection
techni ques are used to measure phosphorus content. The
ﬁ%@ Meagies piroidstabilins wersrdetermingdwsigcthe Dip and Look,

S Fapfiny BAREE dnd §@Md Moﬁnt@o@&%bilitg ﬁsggﬁleg\iec@g%{ F{C?.&l‘ﬁféj Industry

surface oxi dation was encountere

Vekadard -SID-88Ader abi | ity were deternined using the
Dip and Look, Wetting Bal ance and Surface Munt

Sol derability Test nethod per | PC/ JEDEC | ndustry
SExampesdh-9- STD- 002A. 10 Exam | eers 6-9 The fol | owi ng

tests .}:%{%rfe (gerformsd to show that the incorporation of
the ppric SURTIE tesis Ws Bresstoshow Hiat the ingprpaeation pf the ppm levels

Fofaphphpsrul inftthe hwl dasbsisnsPERembRI M ﬂrmééra\é%gag)ggtgglg lruﬁ-‘ roved

with regard to inproved solderability, ce

ober U YT ega & topipproyed énddarabiliy oviuted shrface hedgamhs of

Exanmpl@s dipds; hpur s, L f

st ai nl ess %ﬁggﬁgﬁy%géﬁtﬂigﬁiag{gﬁz Iblg %glﬁ?k%gfftéhgﬁ for 7 hours.
i Hriphofstasestatenkaad neppentiull balt pantle mesr @it ity &, ovaR thaintained at that

eTall S 4 erforned to observe whet her any
AEhpash, SRPa Shesh B BtP et Sl sdefiecag puice
ylchlowitioh osaurrfed c Ehaipraadc0statyieléw MPsilrhcé B8t AGhGon would indicate
W RGBTt on-

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 was 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 cell 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 baking, with the following results:
Controls: samples plated at 50, 100 and 150 failed
Samples with deposits containing phosphorus: all passed

8
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20 Exanple 6 For the tin deposit produced by the bath
of Exanple 1, stainless steel and copper panels, the
control strips, i.e., the ones with deposits that did

wothag@sadded phosphorus, showed di scol or apipsibiREsss

"5 hrs, and the discoloration was worse when the

plating current 25 density was bel ow 100 ASF. The
StBaniphst steel strips bearing deposits that contained
phosph d|d not chan col or under the sane

8ﬁ ﬁ“’ &iBriepgldeposits @%E’famﬂ% Ibpthgh¢ tongralsehd the deposits containing
FUhbambAR e nd: BSsE | or, after.
7 R o o8 e bR, AR 5 e ion can be
Mlsﬁrmdugedw@p@gmalbymmd alittle yellow sh col or

at cur ng ASF, but they | ooked

30 appr ci ag&fﬁ%& Cft (ﬁ%eéﬁﬂgt ges H*ttPBFaénp@dT idhesfeResits confaining
t @bosphowss dlmd&mplederﬂefxt evertecodtrblour baking, with the
following results: Controls: sanples plated at 50,

'100 and 150 failed Sanples wi th deposits containing

Eespblegus: all passed 8 WO 2004/ 050959

ﬁPCTI 00 /03?1245 Exanple 7 For the tin-|ead deposits
I

of Exa 1 depopits of Sxample 3, alheamples (U:Ebdmwbstrols and those

C Gith @ depBs RelaTels is
af t er baki ﬁtsm?ﬁdl ca ngﬁc’qﬂ?} S@F%g 8‘33 g‘ﬁ %’ﬁgélg'l’f hgke. These
RETWere tosetlaw aOItdlltmnabvllthyhedem BlﬁOWlﬁg b the controls changed

S@dmltg§h | tes t the sanples
%ﬁﬁa@g&&%ﬂé a| n| n %”Bﬁ%ﬁm@%&hﬁa@asﬁs fhat cotain
|1Ph§>ﬁ mﬁs}mmngaﬂyehmmcéol Exanpl e 8 For the bright
tin deposits of Exanple 3, all sanples (both the
controls and those 10 with the deposits that contain
mmlﬁus) di d not change color after the 7 hour
bake. F ﬁ’éé%ﬂﬁde posits were subject to refl ow
condi t'°b tirimlsed depasits1of Exarople Agplk siamples fietictha toratods and those
G.hﬂﬂ&@@e &R @At ot g Wonn

anpl.es W th the daeﬁjos%gt g%?jn&?\ﬁlg%{l%%eco D %rﬁ]ﬁeoﬂ}%“ &fglfe These
%%ﬂﬁ Ferappbigrtitp eaflomoenditignsExidmhk eesﬁltd:ﬂlbwidgahdb he@dhtrols changed

tolor kagh FXA hot h the
control & &n S?ﬁt(f)tgrergﬁ(\)m t h kﬁhg S%B%%Wftg E&}e’rflét’osét Fhagsogtain
phespboios nef)shawitgnoy diffesenge col or after the 7 hour
bake. These deposits were subj ect to reflow

conditions with the results show ng that the controls
changed



color to slight yellow after reflow while the sanples
wWith the deposits that contain 20 phosphorus not

showi ng any difference. 9 10 Cains 1. A nmethod for
enhancing the solderability of a nmetal coating that is
plated on a substrate, which conprises providing an

el ectroplating solution for*Y depositing the netal

coating on the substrate, adding sufficient anounts of
phoscpihqnus to the electroplating solution to provide a
concefittation of between 0.5 to 15 g/l for enabling

- the phosphorus to co-deposit with the nmetal, and

el edt r oplAamcigd forenBansingthe eoldsrabibitydpasetali geating that is plated
phosyphar egstd, twhichmebmbrisshep®ividing he eleaoiplainl ascdation for

et Aep&saty 1@ inStaPlcOslingesh Riye ShiGhicORHdhE NYffAten® amounts of

C ur r i BiphdRESh ttli/f: echfthf%tlﬂé Q%E?(Eno vxﬁ@ QUL ?éé@gtlﬁsﬁf between
deS| lga%{ o 'y ena rs%or?s ‘% 8W°é§t‘?ﬂ ﬁéet mgtal, and
met giec & th ﬁﬁﬂ S\ma yt 8% RBPsFEoE japg sy wetah pherein

i n_tiecletteplafedpnetelecpating | tilpr @d ¥ cleptrandating ah asyrery density
suf il ab erdater thanebog 080 ASEceittothi derrérardemdity@ontosiled to achieve
expasedtsRal §iaahs oFphédpBorus it eRPIraIAEH fefaBboaGAR bd ith the
dur i,ngs I%)ﬁ&k?é S nﬁre fetd ne QEctﬁ%fb‘?ﬁsﬁfeﬁ? cg:ﬁﬁrgai'h' PR3 dnounts

thusf%ha t er.m sol

o espficic pq%o 4te alsurga St PHde ert\%ﬁg%t on ?{%}osed portions of the
el eGEeF'G Hlefrir‘t‘r'%?itm% g Rbsegupnt %tan %@B%?Pismgc‘li’ﬁf?é‘fms to
t ungfus eeﬁh@ce dong tarwel soldprabilifynof: the clshiceniied mstal sossinaswherein
i n theeeletteplatab hetak dometgals wiokdlj ngpaltn cappedetuagstambbe tin and
anDwhereltthd @a6sphbi@an g eeden? (P AP rBleo?rOTﬂfﬁS fBhnedattlg in a

Cl ajgBieltathb GinGhuf? bhh%ss%ﬁﬁ&bb&@ioﬁmger metal coating is

t| n. 3. The nmethod of claim?2 ei n the phosphorus

rese |n t he in , a.detectabl e anount. hut
| es%' ¢ hanhemsipd 6¢ ahi Peretah RS T e i O

wherein the el ectroplated netal coating is nickel. 5
The3net hibbe withod af chith 2khbeeinthe hprosphespl@ressntiis the coating in

pr esdbfectable bewa bal letGhinbodt Sigipact abl e anount but
| ess than about 200 ppm 6 The nmethod of claiml1

Whe!lel n 'gﬂe mglﬂgé ch (:%1 1 wlslergm egeccciro ﬂit ! hn?et q%oz%mg i mtc}%el

coat i i ncor pora ng a sou frce or osp orus
el ectropl ating solution that is used to provide the

met &l codq methedof demstipbereintthe phasehaspisprrsenstis distropting in

soua detegahipainges batricstomniboutd¥00ippox gani ¢ phosphor us

conpound that is at |least partially soluble in the

SOl gt i ONThe method of claim 1 wherein the phosphorus is provided in the metal
coating by incorporating a source of phosphorus in the electroplating solution that
is used to provide the metal coating on the substrate, wherein the phosphorus
source comprises an organic or inorganic phosphorus compound that is at least

- partially soluble in the solution.

7 " The method of claim 6 wherein the source of phosphorus is a compound
of phosphorus that is completely soluble in the solution and which provides the
desired levels of phosphorus in the electroplated metal coating.

8 The method of claim 6 wherein the phosphorus compound is an alkali or
alkaline earth phosphite, hypophosphite, phosphate or pyrophosphide.



7 The nmethod of claim6 wherein the source of

phosphorus is a conpound of phosphorus that is

conpl etely soluble in the solution and which provides
the desired | evels of phosphorus in the el ectropl ated
nmetal coating. 8 The nethod of claim6 wherein the
phosphorus conpound is an alkali or alkaline earth
phosphlte hypophosphlte phosphate or pyrophosphi de.

11 i }9(9:1 fo cl ;? rein ﬁlr 5 E]S E:elsséiil f' cagﬁle clor%gonent

an €l ect eln

oub; (e afe n%ﬂ%?ﬁf?ﬁr lsp%ltk’ée@ge? gﬁe eéri%m?/ﬁﬁ?l Stelt, il require
nul tptiplethamplkgxcwasiony afiterereires ankish at H5¥8 as hi gh as
175C. 10 The nethod of claim9 wherein the electronic

conpanentThe aifthdd 65 cRim G whbtein GF di@BEnit '@dMPonckt chitPrises a
met hodu®br chdirih® Wherein the substrate is made of
copper, steel or stainless steel. 12. The nmethod of

| 11
Cubsilr ot A AR08 Gf et SeEatbe SV RRS AOHE O ReRReE el o

or efaessisPlat abl e and non- el ectropl at abl e porti ons.

13. A method for enhancing the reflow properties of a

net di2. coght R@tHol @ clabn | PhvatRth t8A uibsEMB & @hfosiiudhirate that
CONBAISRS RLAMIHVNY 2A0 %ﬁ%ﬁdﬁ@h@é | g éﬁw}apna%lé oL d, mor-
dep%ﬁk&gﬁgﬂ&ﬁ§°H§£9| coating on the substrat

suf fici s of phosphorus to the

el ectroplating solution to provide a concentration of
between 0.5 to 15 g/l for enabling the phosphorus to

co- ddposiAt medhbd ferhanhamptied theanflow elk@ctticopk atrheigl ¢dading that is
subsgldial én Bysubdratie ﬁQﬁdht ¢onghriRBOBRRAAESarn BectidpRating tselution for
me&l@}bd@ltmfgh@le %@tﬁlt EQE&’ tc?ﬂj theta ter@atchﬁQ 'sﬁfﬂ?:féﬁg UeERnts of
t ha L&%Qé,cg urc?}lﬁt?(%:nur ?}ﬁ'ﬁ%ldé cg}l%eg}g"atgon git §dtween
cont r o Oa‘ic?’l]ia h%hoalé@ tp GerdrRosttyvid the metal, and
phoslsaEeniating the gebsanie diyr espleppaitingrphepheys ai theametalwhirein
t he thepentiohlated sndiai aogtiny is pemtucedby blectedpdating ap h atierdnt density
et af ne @RbieN thah Abdut 2060 AP UNIESthe Stifrért Aeity chArdlRAUS Qchieve
sur HRcRsidl fent9 rogﬁésﬁﬂorﬁg‘ 1B P OREFbpPREL MEABcRlind Rt with the
€l egﬁ& gg«grg% %gm &aiﬂenéigﬁfle%r iaPe% 7 “t% %&‘%ﬁgtmht?a%te' aifounts
ol ¢ 8‘,311 sf‘fr g%aéwa it FiPozndappitigngof the
t i nplesioplatedy Wﬁb C%qﬁlﬁard@@ag ﬁébﬂe@wnb heASiae O PEOCEERNT QAT FEONS,
el evhemsiyl the egultivg slecioapdatedanbsiiie cemprises hanetal plating or tinplate
el ehdvigpdrhbndd pElod) propatits\@liei t6 tHl cldc@bplaed Bakdl cotR@PRherein
L UN@RIRRr&latbd Pretal foati B & ATBN QB A c&ipRt, MnkSeNBRAE! N

the metal coating is a tin coating.

14.  The method of claim 13 wherein the metal coating is a tin coating,

15.  The method of claim 14 which further cdmprises subjecting the plated
~ substrates to a reflow operation to provide a bright tin deposit.

16.  The method of claim 14 wherein the phosphorus is present in the tin
- coating in a detectable amount but less than about 50 ppm.

17.  The method of claim 13, wherein the metal coating is a nickel coating.



15. The nmethod of claim 14 which further conprises
subjecting the plated substrates to a reflow
operation to provide a bright tin deposit. 16. The

met hod of claim 14 wherein the phosphorus is present
inthe tin coating in a defectable anmount but |ess

t han about 50 ppm 17. The thod of claim 13, wherein
the netal coating is a nickel coating. 12 18. The

met ofcl al ' - e .
e L L R
t har “5b 84T IS ersebipiioups butiess thanehet 200 PRIZAi m 13 wher ei n

t he phosphorus is present in a ppm anount sufficient

t o pi9everfihednghel of slaimnl3ofvheraim e tpdiosphoatsi isgpredeenin a ppm
subj aeetuedsufficiedt 6 pReént @isoslefsibn of the@RsalWbatily WigGubRcted to
mul tludhe HRRENBIs BXGHT WHADS Riuird EARNEPR! Un&maPSeRtubns at
as ]tzlﬁéérﬁﬁreg Q?thl ha% %t’élso G 46”1%6113?5’%%&% %?ﬁgl?%ﬁﬁgl%nce that
thatd o(ﬁshno ange color after suc rther

pr ocESLT §.a“ﬁﬁf’o?’h%ﬂ’ﬁﬁ‘ﬁ%égmbefrpﬁqcﬁﬁsmglg wherein the
concentration of phosphorus in the solution is about

1 t3@010 dht mepiod ofrmdaimethwtierein the apumef@ativhexfgihpspthoms in the
concehtiv@isiaboutdftopb@dphorus in the solution is about
1to5g/l. 22. The nethod of claim 13 wherein the

concent r af | f h L fion i t.
e 0 jgfﬂt %ﬁf%.‘t‘ ﬁgﬁ%ﬁ%@%@ e SonS R ME 37 i Bee RN i e
conEHEPREEBATdft 38ls phorus in the sol ution is about
1to5g/l. 24. The nethod of claim11 wherein the
con&ént r ah¢ owthofl ofledephiGr wherein thé eoncswraion eff phesphbougtin the
1 t eoltfiogislaboid3.to Thg/Lmet hod of claim 1 wherein the
concentration of phosphorus in the solution is about

1 tegss g'ﬂxe n%ﬁrodm%l 1 .tlﬁoxggée%ginmﬁtzgif:gﬂcéérae}t@@ﬁ é)?:pﬁogglﬂgrus in the

phosphorus 'S present i
det ég?gwléag?%ﬁﬁ?gﬁﬂt | ess than about 200 ppm

24, The method of claim 1 wherein the concentration of phosphorus in the
solution is about 1 to 10 g/l.

25.  The method of claim 1 wherein the concentration of phosphorus in the
solution is about 1 to 5 g/l. '

26.  The method of claim 13 wherein the phosphorus is present in the metal
coating in a detectable amount but less than about 200 ppm.



