"TI'N ALLOY PLATI NG COMPCSI TIONS Field of the Invention 5. Tégb4§¢§7¥
present invention relates to a tin-based alloy plating conposition havivg ¢ -
i nproved corrosion resistance®and sol derability, which is suitable for
plating | ead frames, connectors, printed circuit boards and the like. 10
Background of the Invention The productiongof el ectronic devices such as

| ead franes, |ead frane packages, connectors and printed circuit boards
requires -silver spot platingivpraoyd PLATINGI@OMPOSITIONS| ating to

i nprove the  corrosion resistance and solderability thereof. Sn- Pb
sol der has been usually enployed in such solder-plating process; -
however, the toxicity of the | ead conponent poses a serious environnental

hazard. 20 Field ofAthe dinwgntiont here have been nmany attenpts to

aneliorate the | ead problem but .a cost-effective solution has not yet been
attai ned. For .exanple, a nethod to plate palladiumor gold on a Cu-N

primer plating |ayer has been syggested, but this nethod.,has_the pr.aplem
of a hfgh 25 E‘P@dd&%’?%ﬂn'éoé?‘. epfdopr e’%eg]rﬂt??lvéﬁt o?s%r&?éagﬁge ¥ to

develop a new bt i9cSREBeTk 108 ha P Alg SHbriotR £ &8 8180 HLOLUERREL dna

solderabilify, which is suitable for plating lead frames,

':connectors, printed circuit boards and the like.

10 ' Background of the Invention

The production of electronic devices such as lead
frames, lead frame packages, connectors and printed circuit
boards requires silver spot plating followed.by solder-

15 plating to improve the corrosion resistance and
solderability .théredf. Sn-Pb solder has been usually
employéd in sﬁch SOider-plating 'procéss; however, the
toxicity of the lead component poses a serious'environmental

hazard.

20 Accordingly, there have been many attempts to
ameliofate the leéd problem but a cost-effective solution
has not yet been attainéd. For example, a method to plate
palladium or gold on a Cu-Ni primer plating layer has been
suggésted, but this method .has the problem of a high

25 production cost. | |

| The present inventors have endeavored to develép a new

~ plating composition that can replace the environmentally



T 3

-2- hazardous Sn-Pb sol der-plating conposition, and have unexpectedly

di scovered that several novel tin-based alloy plating conpositions are
capabl e of providing solder plating Iayers havi ng excel | ent corrosion
resi stance and 5 sol derability. Hitherto, many kinds of tin-based

all oy plating conpositions have been repo?téd. For exanple, U S. Patent No.
4,828, 657( Fukuoka _et al file descrlbeg

on .9, 1989 In alt,
tlg ni ckel aMPZa5dqusd $ANRPY ﬁPEG?rIEyhzlngbhﬁQWEﬁ ﬂb03|PPon?%v%
-an u. S Pat ent Q7%( Tei chmann, e , i
1282) nentloN§QﬁR?QEﬁﬂk¥t {ﬁFéﬁeqéii AP FVEE %oéﬁgfl tlhh%%s%@.%ﬁ%o
t her eof on varj qQus substrat PRSP ! | 5} o]
ensure the d Jtnr%ﬁ:ogypo&;i %'n {anéél? e‘iﬁ jfaiﬁ)gssdﬂ c%erlae?ﬁ tq%gt
purpose and ay é&if’&&tp' atbPHoBL8A! I OReE i&@UNERS Olanidor
repl aci ng the%é}%tb stﬁder %I atin I'n addltlono a tin-bi err'uth al | oyémdo
plating corrpcb%ltd%h n| ng a chel ate salt such as an acid bismuth
sul fate 20 onate is described in U S. Patent No. 4,331, 518( W | son,
filed May 25, 1982}?11:1?@.%@ t i fay Celndd | oyf pl BLhrbasedposiltlioyn Edmiriirgg ng
a fluoride is disclosed in U S. Patent No. 4,049, 508(Mrrissey, filed Sept.
20, 1977). compositions have been reported. For example, U.S. Patent

No. 4,828,657(Fukuoka et -al., filed on May 9, 1989)
describes tin-cobalt, tin-nickel and tin-lead binary alloy

.10 plating compositions, and U.Ss. rPatent ' No.
| 4,347,107(Teichmsnn et al., filed on Aug. 31, 1982) mentions
the deposition of tin as well as copper or rhodium alloys
thereof on various substrates. However, these compositions

are applied to ensure the deposition of bright metallic tin

15. for a decorative purpose- and are not'suitabie for solder
plating electronic devices or for replacing the Sn-Pb

solder-plating.

In addition, a tin-bismuth alloy plating composition

containing a chelate_salt.sueh as an acid bismuth sulfate

20 | gluconate is described in U.S. Patent No. 4,331,518(wWilson,
filed May 25, 1982); and a tin-nickel alloy plating
composition comprising a fluoride -is disclosed in U.S.

. patent No. 4,049,508(Morrissey, filed Sept. 20, 1977).
These compositions, however, give plating layers having poor

25 solderability and emit harmful materials to the environment.



These conposi tions, homevef, gi ve plating | ayers havi ng poor 25

solderability and emt harnful materials to the environnent. -3- Summary
of the Invention Accordingly, it is a primary object of the present
invention to provide a tin-based, two-conponent alloy 5 - electroplating

conposi ti-on whi ch does not contain harnful3materials and can produce a

pl ati ng | ayer having excellent corr05|on resi stance and solderability. In
accordance w 28BHEEaE _ Solnmes gsent . invention, there is provided a
tin alloy electroplatlng conp05|t|on 10 conprising 20 to 500g/1 of a
tinsalt, 1 to 1009/l of a netal salt selected fromthe group consisting of

b
et hanssol foni ¢ abraoralngd¥g o bFP R o° Brlimar®, obdecks o5 oY, present
50g/1 of a COERLSfihggnageet %évPaéa'Jfl %ﬂ?sgééga' oneb_LB& Rbﬂéﬁﬂ“&ﬂlg{)e

novel tin alldy plaiing conp srtion o resenf inventioh conprises

netal 4 c conpepgptsophating Idbmdhiddon whfbﬁeagﬁg'ﬁﬂﬁ“céﬁ%&@ﬁeﬂafﬁﬁﬁlthe
group consisting of zinc, cobalt, bismuth and copper; nethanesulfonic

acid; a materials and can produoe-a-plating-layer having excellent

corrosion resistance and solderability.
In.accordance with one aspect of the present invention,
there is provided a tin alloy electroplating composition
10 comprising 20 to 500g/i of a tin.salt, 1 to 100g/1l of a
metal salt selected from the group consisting of a zinc,
-cobalt, bismuth and copper salt, 20 to 200g/l1 of
methanesulfonic acid, 10 to 300g/1 of a conductive compound,
end 0.5 to 50g/1 of a'oomplexing agent.
15 -

Detailed Description of the Invention

The novel tin alloy plating composition of the present

invention comprises: two metallic-componente, i.e., tin and

20 a second metal eelected from the group consisting of zinc,

cobalt, bismuth and copper; methanesulfonic acid;  a

conductive compound and a complexing agent. As a source of

tin, various ~tin - compounds such as stannous

methanesulfonate, stannous sulfate, stannous chloride and

25 SOdium_stannate are employed in an amount ranging from 20 to
500g/1 in the composifion.

The second metal component may be preferably employed



‘conductive conpound and a conpl exi ng agent. As a source of tin, vari ous

tin .conpounds such as st annous net hanesul f onate, stannous sul fate,
stannous chloride and 25 sodi um st annate are enployed in an anount
ranging from 20 to 500g/| in the conposition. The second netal conponent
may be preferably enpl oyed -4- in the-féormof a salt and it is enployed

in an amount ranging from1l to 109/l in the conposition. Representative
exanpl es of Zmctbsl ti:om| @ff n!aysbétus%ui adtt Hes zemPlOF@SC e} n@Rudmoiingc

oxi de, zinc sulfate, zin -zinc carbonate or zi nc
pyr ophosphat erafF@bﬁl@sﬁﬁ?Et ilv§°e9¢99ﬁVésle thgpSomPeAYtd M ch may be used as

the cobalt source include cobalt chl or; obal t sul.fat obal t, acet
or cobalt car bonatRePREPPBEBREYE SXUER. ﬁﬁl%‘g zd'fncblssa#}t i’ﬂ'lc?‘s |16‘F|

used as the blsrruth sqQurce 10 ude, blsrruta ni tr.ate, ugﬁf[sr{tu
acetate, bisffh Q‘Sdr"ﬂrﬁct SO0 Fe Jd}‘:]ﬂ'} S F HCHPBAGe. ZRES SUHRBHS  &inc
I f lts which d h
CopperS ni L1 at %Jp &' Subinty "HantARee Shato° FIRRCT WUHdhedHAEE
acetate or COEE&? 8¥£€BE%8“€£§mpiés of cobalt 'é&léé‘%’hﬁ@{fﬂ\%‘ f)bO@secﬁ’fas the

present inve
the cobalt source include cobalt chloride, cobalt sulfate,

cobalt acetate or cobalt carbonate. Representative examples
of bismuth salts which may be used as the bismuth source
10 include bismuth nitrate, bismuth acetaté, bismuth sqdium
trioxide or bismuth chloride. Representative examples of
copper salts which may be used as the copper source include
copper nitrate, copper sulfate, copper carbonate, copper
hydroxide, copper acetate or copper pyrophosphate.
15 ' In the composition of the present invention,
methanesulfonic acid which enhances the conductivity of
‘metal ions is employed in an amount ranging from 20 to
200g/1. '
The conductive compound used in the inventive pZ_Lat;ing
20 composition not only furthér enhances the conductivity of
metal ions but also increases the stability of the plating
composition to provide uniform plating and. an improved
current efficiency. The conductive cdmpound may include
various acids and salts thé.reof‘. P.referable conductive
25 compounds are citric adid, sulfuric acid, ammonium sulfate,
| ammonium citrate, sodium acetate, sodium carbonate, sodium

gluconate or potassium pyrophosphate. One or more



met hanesul foni-c aci d whi ch enhances the conductivity of netal ions.is

enpl oyed in an anount ranging from20 to 200g/l. The conductive conpound
used in the inventive plating 20 conmposition not only further enhances
t he conductivity of nmetal ions but also increases the stability of the

pl ating conposition to provide uniformpta?ing and an i nproved current
efficiency. Th& conductive conpound q&g inc%ude various acids and salts
thereof. = PrEPRAUGFEVEL FRIRAURIS Y D€ SRpLOREd 4Pe 3 AFPENL:F@RIIng

sul furic acid,_a i um gul fate,. ammoni,.um cit.rate, sodi.ym acetate, sodium
car bonat e, soﬁ?ﬂﬁTSEUESngpgg?grlnp%%%%§PﬁﬁptﬂyFbﬁﬁ@§5ﬁﬁﬁﬁpn‘ One or nore
-5- conductive co n Vi d,..Lnsa anpunt Lhgs: from.1Q,.to0
3009/l in the invgﬁﬁ#vgﬁgg%ﬁégﬁéiggégﬁeuégﬁp?é&ing aﬁéﬁgg%ggﬁ$éng?hghe _
CoMPOSi i 0N GhrLREnPr GRARd VLML RS | 87 B 1% b FORPLEKN Wbt lSRRoRECONd
5 et al Oé% %enal | oye v%n'rstéﬁ tdl)n, tﬁeret?y prg%nﬁﬁ ng a stable plating
conposj tion, mpégalt tERbdeaslbyedl wittl asied wepedsly ngrevidbegsact@piRt al .
Represent ati ve conpl exi ng agents include various acetates, am ne salts,

imne salts o5lauifg Sabhpositkbaferahly, ithengpmMbexisigitrgAyt Bldeted

depending on the second metal. Representative complexing
agents include various acetates, amine salté, imine salts or
amide salts. Preferably, the complexing agent may be

10 selected from N,N,N’",N’'-tetrakis(2-
hydroxypropyl)ethyleﬁediamine, N,N,N’, N’'-tetrakis(2-
pyridylmethylpropyl)ethylenediamine, sodium
"ethylenediaminetetraacetate dihydrate,
ethylgnediaminetetraaceticacid,trisodiumnitrilotriaéetate

15 . monohydrate, nitrilotriacetic  acid, 1,4-
diazabicyclofz,2,2]octane, triethanolamine, polyimine,
thioacetamide and a mixture thereof. The complexing agent
is employed in an amount ranging from 0.5 to 50g/1,
preferably 10 to 30g/1 in the composition.

20 Further, the inventive composition may optionally
include a surface modifier and/or a stress decreasing agent..
Each of.the surface modifier and stress decreasing agent may
be used in én amount ranging from 0.01 to 0.1g/l, preferably
0.01 to 0.05g/1, respectively. o

25 Representative examples of the surface modifier may be
sodium alkylphenolethersulfate, ethoxylated nonylphenol,

polyethoxylatedaliphaticmonoalkanolamide, 4-nitrophenyl-D-



0 selected fromN N, N , N -tetrakis(2- hydroxypropyl)ethyl enedi am ne,
N, N, N, N -tetrakis (2- pyridylnethyl propyl)ethyl enedi am ne, sodi um

et hyl enedi am net etraacet ate di hydrate, ethyl enedi am netetraacetic acid,.
trisodiumitrilotriacetate 15 nonohydg at e, nitrilotriacetic

aci d, 1, 4- diazabicyclo[ 2,2,2 ]octane, tri et hanol am ne, pol yi m ne,

thi oacet am depapéaq 13ip§LdNe abcifiee @pl£xi ngxegeet itherwyf oyeahdin
an amount raniging from 0.5 o 50g/l, preferably 10 to 30g/l in the

conposi tion. Z8presentativeFeikiafplest BE theveriress dewmessingragermy may
optionally include a surface nodifier and/or a stress decreasing agent.
Each of the spefa&fcomgcinehydndchloride destratsydyateemimy imneferrel, an
anount: ranging fromO0.01 to 0.1g/l, preferably 0.01 to 0.05g/l, ,
respectivel y. r26tomycin moriReprlcfedtre at | ferrexbhpkabydfochrbsapiigce amdidi er
may be sodi um al kyl phenol et hersul fate, ethoxyl ated nonyl phenol,

pol yet ioxy| at Bdxsnirgh&thierenfnoal kanol ami de, 4-nitrophenyl -D- - - 6-

hept a( 1- 4) - gl ucopyranoci de or, a m xture thereof, and representati ve,
exanpl es of the st FB&s NP¥EleAEVeGTtaYENP LRy N SPIRAFHII HIRK gb?ll%’r’}‘%ﬂey
y simply dissolving the specified components and

tetrahydrate, am no iopoferrel
_ y prepared % e

' optiondl other component(s) in water within the specified
concentration ranges.
10 The composition may be applied to a substrate as
follows: . |
A substrate to be plated and an anode are immersed in
the inventive plating composition, and then an electric
‘current ranging from 0.5 to 1.5 ASD(Ampefe per Sqguare
15 Decimeter), more preferably 0.7 to 1.0 ASD, is applied
across the substrate and'the.anode, while_maintaining the
temperature of the composition at a range of 30 to 40°C)
more preferably at 35°C, while stirring the plating
composition.
20 The no?el tin-based plating composition in accordance
| with the present invention may be used in place of the
conventional Sn-Pb solder-plating composition to eliminate
the pollution probléﬁﬁ:ésociated with lead.
The present plating composition is stable and ﬁfgzides
25 ~uniform plating having excellent corrosion resistance,
solderability, conductibility, adhesive property and heat

resistance.



ri stonmyci n nonosul fate, fornyl hexahydrocarbazole or a 5 m xture
thereof. The novel inventive plating conposition may be sinply prepared by
sinmply dissolving the specified conponents and optional other conponent(s)
in water within the specified cohcentratiqp ranges. -10 The
conposition may be applied to a substrate as follows: A substrate to be

plated .and an _anodﬁiﬁgéﬁfkmr%ﬁegnj&m%i%/%é \ég'%\ ki PYcROHBOShals i@y e2Nd

then an electric C fanging from O Anpere per Square 15

Decimeter), TPLE RSELELAD Yabvch® lefchSRhs | 1Rl idKhifd PSS ddee ulsie at e

and t he anode, whiTeé nal tarning the tenperature of the conposition at a
range of 30 t aéﬁ&ﬁé%g,ca@ﬁ@c@éf er gy dntald 3elieculi€ bbhkasstandi eaHdie

pl ati ng conpositio The novel tin- based pl ati ng conposition

in accordanceg YetPrbRecPRTYY, |diENhapn beR)agisl ikd dwithpeacomfertional
conventional Sn-Pb solder-plafing conpgsitiogﬁ?b elimnate the pollution

probl egn assocégh epmehth paedictharpyeaetieel-ao-T@edoryps tequipmemnt.abl e and
provi des 25 uni form pl ating having excellent corrosion resistance,
sol derabi | ity, conwhet ifbillbowingagkemplespemeeintendechdm ildgishrate the

present invention more specifically, without limiting the
scope of the invention. |
In the Examples, the adhesiveness and solderéﬁility
10 were'measured in accordance with the following Reference

Examples.

Reference Example 1 : Adhesiveness

15 A plated sample was baked at 400£5°C for 2 minutes, and
then, the appearance of the plated surface of the sample was
examined with a.magnifying glass(20X) or the naked eye to

evaluate the following aspects:

20 i) Presence of blister, peeling, liftiﬁg and bleeding

marks(No: good; Yes: poor).

ii) Presence of peeling and lifting marks when the sample
was scratched with a nipper or a sharp material(No:

25 good; Yes: poor).

iii) Presence of peeling marks when a piece of an adhesive



-7- Further, the present plating conposition is suitable for plating

devi ces such as lead franes, |ead frane packages, connectors; printed
circuit boards and other electronic parts, and nay be applled with a
conventional 5 = equipnment, particularly a reel-to-reel type equipnent.
The follow ng Exanpl es are intended to |Flésrrate t he present invention

nore specifically, wthg the e 0 n

Exanpl es, the adhe&%@@i éﬁéq"ghl g'épﬁbl ﬁﬁ{b '10465‘8 \ﬁer#gghgpe)agﬁ?%df&%ly
accor dance W th the foIIo n Refer nce _Ex I fere ce e

Adhesi veness 15 che %f S’Eﬁrﬁa@%p%%tg J5[F§r(r C fgglafp
m nut es, and then t | sbase of the sanple was
examned with a nag#g%l r%eﬁf assi‘fg&) %&’?hgiﬁgksg eyg to eval uate the
foll ow ng aspects: Presence of blister, peeling, lifting and
bl eedi ng mar ks( No: good Yes poor). ii) Presence of peeling and lifting.

mar ks when th&eﬁﬁérﬁ:é\laﬁxgﬁé ched gbidervaibi ppey or a sharp material (No:
25 goo Yes: poor I11) Presence of peellng mar ks when a piece

of an adheS|ve

A plated sample was mold-hardened at 175°C for '3
minutes and then kept at the same temperature for 3 hours.
The hardened substrate was ﬁaintained at 145 °C for 95 hours
i0 and then soldered in a flux(Kester) for'3 seconds.
The uniformity of the soldered part was observed by a

microscope(Nikon measurescope UM-2(25X)).

Ekamgle 1
15 | .
1L of a tin-zinc alloy plating composition was prepared
by dissolving the following ingredients in distilled water.
Ingredients : o Amounts
20 : ' Stannous methanesulfonate 190 g/1
| Methanesulfonic acid : 75 g/l
Zinc sulfate . 14 g/1
Sodium gluconate . 35 g/l
Triethanolamine - 3.7 g/l
25 Ethoxylated nonylphenol 0.03 g/l
Formylhexahydrocarbaiole _ | - 0.01 g/l_

Ristomycin monosulfate : | 0.02 g/l



-8- tape(3M Scotch Tape: #540, #610 or #810) was firmy attached across the
sanple and then renoved by a sharp peeling notion(No: good; Yes: poor). 5
Ref erence Exanple 2 : Solderability A plated sanple was nol d- hardened at
175[err] C for 3 mnutes and then kept at_tfe_sane tenperature for 3 hours.
The hardened substrate was maintained at 145 [err]C for 95 'hours 10

and then sol dered anlaatl WrafiRswals) Pleited SEAN G, Jhethdi fosultingftime
sol dered part was observed by a m croscope(N kon neasurescope Uw 2(25X)).
Exanpl e 1 15 dinof ad lidyn-platingl epmpbatiitionc apoant edectas coraparert byt

di ssol ving the follomnng ingredients in distilled water. Ingredients
Amounts 20  10A/dm? b aghves ametdidmys p aning layer of 90% tin and 1D@¥ g/ |

- Met hanesul fonic acid 5 g/l Zinc sulfate
14 g/|. Sodi unzghgeorfhe solderability and adhesiveness 3 ¢hle plated lead
Tri et hanol am ne 3.7

25
Et hoxy? at ed nBR§MBhIRIIe determined J.n accordgnge gyJ,th the methods as

defined in Reference Examples 1 and 2. The results showed
a uniform plating with 100% solderability and excellent:

adhesiveness.

10 Example 2

11, of a tin-cobalt alloy plating composition was
prepared by dissolving the following ingredients in
distilled water.

15 -

Ingredients | Amounts

‘Stannous sulfate - | _ 240 g/l

Cobalt(II) carbonate l , 17 g/l
Methanesulfonic acid 60 g/l

20 * Sodium carbonate | 20 g/1
| Ammonium sulfate ' | 25.9/1
Ethylenediaminetriacetaic acid 5 g/l
Polyéthoxylated stearic monoethanolamide | 0.01 g/1
25 A lead frame was plated with 1L of the resulting tin-

cobalt alloy plating composition at an electric current of

10A/dm? to give an alloy plating layer of 90% tin and 10%



For nyl hexahydr ocar bazol e : 0.01 g/l Ristomycin

nonosul f at e _ 0.02 g/l -9- Alead frane was pl ated
with 1L of the resulting tin- zinc alloy plating conposition at an electric
~current of 10A/dnferr] to give an alloy plating |ayer of 90%tin and 10%
zinc. The solderability and adhesi veness—0}0the plated lead 5 frame
were determ ned. in accordance with nmet hods as qffined I n_Reference

Ex?gpleg ﬁ an&qaj'ﬁma{F@ﬁlPthﬁﬁﬁggggtUhPHﬁwﬁQHﬁﬁ VﬁP?ﬁirPﬁOﬁ@E Plated
il i .10 Ex 1L

o 1 S S R 0 o BT Rl s o
Arount s St annSod S 4if KeFtendd BRhp1ed %) | BE S O hBg respits shoyed

b . . . ] o h £ Qpi [
ggrg?Pagg a uniform plati ng%gh-adﬂd é@iHéPQBEERQQH%ﬁE”ggcellaﬁtg/
_ : 25 g/l

Anmoni gm sul f @ighesiveness.

Example 3
1L of a tin-bismuth alloy plating compbsi_tion was

10 = prepared by dissolving the following ingredients in

distilled water.

Ingredients | Amounts

Potassium stannate ' _ 200 g/1
15 Methanesulfonic acid 50 g/1
Citric acid 60 g/l
‘Bismuth(ITI) acetate | 18 g/1
Sodium acetate | 35 g/l

N,N,N',N'—tetrékis(2-pyridylmethy1-
20 propyl)ethylenediamine 15 g/l
Aminoionoferrel ' - 0.03 g/1

Pdlyethoxylated stearic monoethanolamide 0.01 g/1

A lead frame was plated with 1L of the resulting tin-
25 bismuth alloy plating composition at an electric current of
10A/dm? to give an alloy plating layer of 90% tin and 10%

bismuth. The solderability and adhesiveness of the plated



Et hyl enedi am netri acetaic acid ' 5 g/| Pol yet hoxyl at ed

st eari ¢ nonoet hanol am de 0.01 g/l 25 A lead frame was plated
with 1L of the resulting tin- cobalt alloy plating conposition at an
electric current of 10A/dnferr] to give_aq alloy plating |ayer of 90%tin
and 10% - 10 - cobalt. " The solderabiliﬁy'and adhesi veness of the plated
| ead frame we e ) | : ' t ' | i

Ref erence Ex a%%?gsfﬁ% (r}g gl.ré 'rl}:}l%érig'glu S q'ghv%%eg q Egglr} %f {')}r??nﬁp?g? %ﬂ\?\n&ﬁ d%00% '

sol der abi | it y??fﬁlneacezh' Relfe?ence Eﬁgﬂgg.g‘éigeiid BXamilfe $dduidls Thowed

tin-bi smuth alloy plating conposition prepared by disso Vi ng
the follow ng umiGcadh e?l&tih@ GHidh | 1608 Wil deddHiN iy NhAd excellent
[ e

Anmount s Pot assi um.st anna 200 g/l 15
Met hanesul f onaghési¢eness. 50 g/l Citric acid

60 g/l Bismuth(ll1) acetate - 18 g/| Sodi um acetate
35 g/IsN, N, N, N -tetrakis(2-pyridyl nethyl - ' :

Example 4

1. of a tin-copper alloy plating composition  was

prepared by dissolving the following ingredients in

10 distilled water.
Ingredients | Amounts
Stannous methanesulfate 240 g/l
Methanesulfonic acid | 65 g/1

15, Copper(II) sulfate. - 25 g/l
Ammonium sulfate 50 g/1
Citric acid - 30 g/1
Potassium sodium tartrate - ' 18 g/1

Ethylphenoxy sulfoxide poly(ethylene-
20 | oxyethanol) sodium salt 0.02 g/l

A lead frame was plated with 1L of the resulting tin-

copper alloy plating composition at an electric current of

10A/dm? to give an allby plating layer of 90% tin and 10%

25 copper; The solderability and'adhesivenesé of the plated
lead frame were determined in accordance with the methods as

defined in Reference Examples 1 and. 2. The results showed



20 propyl ) et hyl enedi ani ne 15 g/ |

Am noi onof err el .0.03 g/ Pol yet hoxyl at ed
st eari ¢ nonoet hanol am de 0.01 g/l Alead frane was plated with 1L of the
resulting tin- 25 bi smuth alloy plating conmposi-tion at an electric

current of 1CA/dnferr] to give an alloy pétlng | ayer of 90%tin and 10%
bi smuth. The sol derability and adhesi vene Of the plated | ead frane

Beanpl cs 1 anf SLEE0, SIARERY, oL OBA MRS ArT 60, phGfperEne

sol der abi | i tyq @p%pg@é Ignt adhesi veness. 5 Exarrpl e 4 1L of a tin-copper
alloy plati ng osition was prepared by dissolving the follow ng

ingredients in 10 di r i
While LR %x@gn’é’i‘ﬁaﬁ hakgéEd! &QEér:Lbeczi glté?l respect to

Amount s St annous anesul'fa
Met hanesul f ong § acéﬁecnflc embodiments, it sho@ﬁdglﬂe 1?ecognized that
at

Copper (I'l1) sul 5 g/l Ammoni um sul fate -

50 g/lsGitri Cvaﬁ'b.dus modifications and changes may ba0 mdde by those
skilled in the art to the invention which also fall within
the scope of the invention as defined by the appended

claims.



Pot assi um sodi Um Tartrate 18 g/ | Ethyl phenoxy

sul f oxi de oxyet hanol) sodiumsalt .
0.02 g/l. Hmummn Hﬂmﬁ plated with 1L of the resulting tin- copper alloy
pl ating cotpositi om as an el ectric currentypf_10A/dnferr] to give an alloy
plating |layer of 90%tin and 10% 25 copper. The solderability and
adhesi veness @fdtha & dl£Limdeatkf rame were -determned in accordance with
the nethods as defined in Reference Exanples 1 and 2. The results showed
- 12 - a uniformplating with 100% sol derability and excel |l ent
adhesi veness. Wiile the invention has been described with-respect to the:
speci fic enbodi nentls, i tA tioukd loy eéecgubpédtﬁhgtc5mpositianioumprising
nmodi fi cati ons and changes may be made by those skilled in the art to the
i nventi on whi @0 atso50agllwiathian tim sad\pe df tdelDOgént iodn aasmel'eal nedlby
t he appended cl ai ns. - 13-
selected from the group conSLStlng' of a zinc, cobalt,
bismuth and copper salt, 20 to 200g/1 of methanesulfonic
acid, 10 to 300g/1] of a conductive compound, and 0.5 to

50g/1 of a complexing agent.

10 2. ‘The composition in accordance with claim 1,
wherein the tin salt is selected from the group consisting
of stannous methanesulfonate, stannous sulfate, stannous

chloride, sodium stannate and a mixture thefeof.

15 3. The composition in accordance with claim 1,
wherein the zinc salt is selected from the group consisting
of zinc oxide, zinc sulfate, zinc chloride, zinc carbonate,

zinc pyfophosphate and a mixture thereof.

20 _ 4. The composition in accordance with claim 1,
wherein the cobalt salt is selected from the group
consisting of cobalt chloride, cobalt sulfate, cobalt

acetate, cobalt carbonate and a mixture thereof.

25 5. The composition in accordance with claim 1,
wherein the bismuth salt is selected from the group

consisting of bismuth nitrate, bismuth acetate, bismuth



What is clained is: 1. Atin alloy electroplating conposition conprising
20 toJ muanI ﬁ'lulmlsalt 1 to 100g/l of a netal salt 5 sel ected.
from ing of a zinc, <cobalt, bisnmuth and copper salt, 20
to 2009/I of " net hanedul fonic acid, 10 to SQOQII of a conductive conpound,

and 0.5 to 50g/l of a conpl exing agent. 2. The conposition
I n accordance

gr oup cOnsist?ﬂéﬁgw §Féﬁﬁ&8§ln8$%§ﬁ§§uFbeﬁgﬁgg annoﬁggﬁj %5%?4{ égkgﬁs

chl oride, sodiumstannate and a m xture thereof. 15 3. The
conposition in accordance with claim 1, wherein the zinc salt is selected

fromthe group congisti ageof cgh 8591‘55.96 #h nCaéé@:{-é&ﬁceZ'ﬁEth@Iéﬁﬁ Z) nc
carbonate, zinc pyrophosphate and a m xture thereof. 20 The

conposition {Repesfr d@Ree &bb? rC|§hEt 1i sWheedidttdd Chhmht ted t gﬁbup
sel ected fromthe group consisting of cobalt chloride, cobalt sulfate,

cobal tsacet at eongfbélihgcablfonebppapd aikiratene doppesnf. Aflfate; copper
The conposition in accordance with claim 1, wherein the bisnmuth salt

i s sel ected feapbbhatel, oupappes sthlngrokldes nutdopper at ecelteteyt h copper e,
bi smut h

pyrophosphate and a mixture thereof.

7. The- cbmposition_ in accordance with- claim 1,
10 wherein the conductive cdmpound is selected from the group
consisting of ammonium sulfate, ammonium citrate, citric.
acid, sulfuric acid, sodium acetate, sodium carbonate,
sodium gluconate, potassium pyrophosphate and a mixture
thereof.

15 ' . -
| 8. The composition in accordance with claim 1,
wherein the complexing.agent is selected from the group
cér1sisi:ing of N,N,N’',N’-tetrakis(2-
hydroxypropyl)ethylenediamine, N,N,N’,N’-tetrakis(2-
20 pyridylmethylpropyl)ethylenediamine, sodium
ethylenedlamlnetetraacetate dihydrate,
ethylenedlamlnetetraacet1cac1d trisodiumnitrilotriacetate
monohydrate, nitrilotriacetic  acid, 1,4-
diazabicyclo[z,z,2]oc£ane,_ triethanolamine, polyimine,

25 thicacetamide and a mixture thereof.

9. The composition in accordance with claim 1 further -



conp dance with claim 1, wherein the copper salt i's
sele p 5 consisting. of copper nitrate, copper

sul fate;. copper car%onate copper hyﬂrpgide, copper acetate, copper
pyrophosphate and a m xture thereof. 7. The conposition in accordance
with claim compiising \Whes@rfiatbe hoaldetetrvesebapesad £oom el edrbi gm
the group consisting of ammoni umsul fate, anmoniumcitrate, citric aci

sul furic aci ¢comdditimgcef asediamdialRylphsnslethepsilfage|icethbxylated -
potassi um pyrophosphate and a m xture thereof. 15. 8.  The conposition in
accor dance wnonylghenol 1 podlyethoxytllat exb @lliphaty agemod Ikaasd Jantiete f dom

" the group consisting of N, NNN ", N -tetrakis(2-- _

hydr oxypr opy nigroghenyli-dhihapta (1M N-glucopyranegide( 2-amd a mixture
pyrldylnethylpropylgethylenedlan1ne sodi um et hyl enedi am net et raacet ate
di hydPat e, et idgmiaretanunie 3nRI iR dfrem| QeBlukAi Oritl S¥di-acet at e
nonohydr at e, nitrilotriacetic acid, 1, 4- diazabicyclo[2,2,2
] oct ane, tri et hanol am ne, polylnlne 25 t hi oacet am de and a

mxture thereof. 94 ?he oMY 1] 2888’?;839%% With Slaia s sy -

comprising a stress releasing agent selected from the group

;ﬂﬂ' ﬁytrlomde bi smuth chloride and a m xture thereof. 6. The

consisting of vancomycin hydrochloride tetrahydrate, amino
10 ionoferrel, formylhexahydrocarbazole,; ristomycinmonosulfate
and a mixture thereof in an amount ranging from 0.01 to

0.1g/1.

11. A method of plating a substrate with the
15 composition according to-any one of claims 1 to 10 at an
electric current ranging from 0.5 to 1 .5 ASD(Ampere per

Square Decimeter) and a temperature ranging from 30 to 40°C.

20



- 15 - conprising a surface nodifier selected from the group consi sting of
sodi um al kyl phenol et hersul fate, ethdxyl'ated ‘nonyl phenol, pol yet hoxyl at ed

al i phati ¢ nonoal kanol am de, 4- nitrophenyl-D hepta(l->4 4)-glucopyranocide
and a mxture 5 thereof in an anmpunt ranging-from0.01 to 0.1 g/I.
10. The conposition in accordance with claim1 further conprising a stress
rel easi ng agent selected fromthe group consisting of vanconyC|n

hydrochl oride tetrahydrate, zam no 10 ~ _ .iconoferrel, '

f or myl hexahydr ocar bazol e, rlstonyC|nnDnosqu “ate and a mixture thereof in
an amount ranging fromO0.01 to 0.19/!. pahleraae Method of plating a
substrate with the 15 conposi tion accordin to an one of clains 1

to 10 .at an electric current T%Nmﬁﬁ&?¥r%ﬁﬁ¥ﬂ¥ﬁt€p Anpere per Square
DeC|neter) and a tenperature ranging from30 to 40[err]C 20

A tin-based, two- component alloy - electroplating

composition comprising 20 to 500g/l of a tin salt, 1 to

5 100g/1 of a metal salt selected from the groﬁp_consisting of
a zinc, cobalt, bismuth end copper salt, 20 to 200g/l of
methanesulfonic acid, 10 to 300g/1 of a cenductive cohpound,.

- and 0.5 to 50g/l of a complexing agent provides a plating

| layer héving excellent corrosion resistance and

10 solderability to electronic devices such as lead frames,

connectors and printed circuit boards.



