DESCRI PTI ON Tl N- CONTAI NI NG ALLOY PLATI NG BATH, ELECTROPLATI NG METHOD
- USI NG SAME, AND SUBSTRATE W TH THE ELECTROPLATI NG DEPCSI TED THEREON
Techni cal Field [0001] The present invention relates to a
tin-containing alloy electroplating bath which can manufacture a
tin-containing alloy plated product suitable for electric and
el ectroni c nmenbers, an el ectroplating nmethod using the sane, and a
substrate on which the el ectropl atDEsgRISTdepbsi t ed. Background Art
[ 0002] Copper alloys are uses as the base materials of
el ectric and el ectroni c conponents such as connectors and term nal s

applied generally to _autonobiles, haousehol tri i

oFF1 ce. auto IO G RREO Y i e PEkG: SrbsaR bt WPPEFE vgmye
treated by Rlat g LOpOfdeks iPrd iRy R EBeRbUACHT RASHEMA AR TaEREON
rust-preventidn, inproved corrosion resistance, and inproved electric
characteristics. Specifically a tin-lead alloy plating containing 5
to 40% by wei ght of | ead has been w dely used owing to excell ent

ant i - whi skeycperd=or rmirdel sol der wettability, adhesion, bendability,
heat -resi stance, and the like, (for exanple, refer to Japanese Patent
Lai d- Qpen N®018-176883 (PTL 1)). -1- [0003] In recent years,
however, the influence of |ead on the gnvironnent drew attenti on,

thus there has PRRrPFHFTUT y PrOYredsithig AR Qi € chi g Vo & bt idtd ©Y
not containing lead,. .or t I -fr p ' a sur.e far. . .
environneﬁ?%{9€6ﬁ§%¥ﬁg} &%%@Togggfﬁ 8&n %%hh?%gtg?ﬁeﬁ haﬁgfﬁ¥W§§lnlng
| ead-free atl'lrbycoxifﬂélt@éi ng-akhey Rhatidgd i ket Ve generat esnhiskeits-dn.c
the surface of plating. Consequently, acconpanied with the

densi f i catmeabafs el aeat rand < wapiponient SmehhodcerdinyeatBe tdmme, and a
tin-containing alloy plated products raise serious problens such as

t he gener adtoat ¥t avris kerisch ttHe mtdctoriedidtande daidairt@daused by
surface oxidation, and the electric short circuit. [0005]

Respondi ng to these problens, persons skilled in the art studied the
anti-whis the tin-containing alloy plated products.
Japanese &§é§§¥§éﬁ%- en No. 2008-88477 proposed a nethod form ng
speci fic bpsgpdpyer and internediate |ayer, applying tin plating, and
further conducting reflow treatnent, (refer to PTL 2). Japanese

Pat ent Lai d- Ope@ioploe r 200Bs 194689 upeapes etha haetchod tEoiAilago f wol daindiss
of tinplating filnms each having different crystal types, thus
suppr essi med hel geheeat ¢ oROBPOMANEReFECH( pEf PNNEURPIrs3)and terminals

Furthernore, Japanese Patent Lai d- Open No. K 2008- 280559 suppresses t.he
generaﬂ<MPQﬁlﬁﬁ$sk8?§669?EVea%thchEﬁ@%?bfgsand Héeppﬁg,(ﬁiﬁé%%ﬂ?
| ead-free tinrc I Ni . L i Led, . w asGij
waves, | (retert RN it e 2R Ly IR e e L S e
conpar ed whide the £ases uslangrbibRehesd @il doynpliat bhge [ 0006hpfb+atiran
Li st Patent Literature PTL 1: Japanese Patent Lai d-Cpen No.

1-108- 176883nFTlos dJaphnese Patert-praiven@pem,No.ir2008~884 770 RTds 3n

Japanese Patent Laid-Open No. 2008-194689 PTL 4: Japanese Patent
Lai d- Open 1NesSigom8-2805591dSuniiy OFE A nv értd G IFechrf il 2 Frobl Emcs -

0007 The, present invention _has been .made in view of the e
E:i r cu]mst an%%%‘?lﬁhg% 2 tld‘fnv_tejr?e;‘% t pﬁﬁ\?&ﬁltgi SHlnitg\{lpej\rllvﬁr %v?%e4 %‘?q:\’/y
tin-containj [ tn at.i N i a r.eye t
surface ox?%gg?gnc§¥ ?%%8ng%§%a%%§ge t%%gﬁo%?g?nﬁ%}nggg ﬁ%ﬁ%& ent

products, £hHS-SHPPKESSESctNErAanes At | 8o @f r Whiskesisi 1 10y pr ovdikes Bin,
el ectropl ating nethod using the sane, and to provide a substrate on

whi ch t he ebediibbpl @y} hgaits réepesiheed., and the like, (for example, refer

to Japanese Patent Laid-Open No. 8-176883 (PTL 1);.



Solution to Problem[0008] The present invention provides a
-tin-containing alloy electroplating bath which can manufacture
tin-containing alloy plated products suitable for electric and

el ectronic nmenbers -3- and havi ng excell ent anti oxi dation

per formance, an el ectropl ati ng nethod using the sane, and a substrate
on which the electroplating is deposited. [0009] Specifically
t he presentgggnjention can manufacture a tin-containing alloy plated
product havi ng excell ent antioxidation performnce by applying a

pl ati ng bath t oidepesentayténscontaeénéng aihé¢ oyndhuerhee sur flaced gfn g£he
substrate, the bath containing: (a) a tin compound contaijning 99.9%
by mass toemabﬂgcrryn%sdéewmttb%@éaoen ERS eCRRERAI NidssPeant Hepidly

i bat h | d 1% b
5% bynasc GIIGHIATh o °5'32t§f%ﬁge T B RBEAE STt e Bl B g OF

bath; = (c)cat ol easty0pe Lo agent, %]stft)e arsol veern}mﬁ%rttyal
applylng an eIectropIatlng ne o ‘usi ng the el ectropl ati ng bath.
Advant ageausn & fectsof | nvention [ 0010] The el ectroplating

met hod using the tin-containing alloy plating bath according to the
present inM&EM4Jlon can provide the tin-containing alloy plated product
whi ch prevents surface oxidation and suppresses %@heratlon of

mhlzkers Fur t h@PnbPe, Oﬁﬁ@fo@@@ﬁne&hﬁrﬁ?ﬁﬂﬂ@ﬁ%ﬁ QﬂQQﬂFﬁﬂQﬁT%13110Y
i 1t a1 i L3 W R (87 o LS L OB LS b Toy ating:
plating tduiss Shov 19 a2 BHbh gﬁ%d*wefgﬁ% féngﬁf{@a‘%ﬁﬁjg A&keishic

har dness. Iptio i ment

carryi ng asdmpdeentvernt i escate geses ) bagk |tfhrﬁ¢tﬁ:~rft§dir0lmqqgall-|3},e plated
enbodi nents given bel ow are sinply exanples of the present invention,
and a per somedkitd edainet beraptiscaramdinfsy $ieh desi gheadeqeataélipn of
[0012] (Plating bath The plating bath accordlng to the present
i nvent i on ‘ohtEEHS %laa? ﬁoﬂFﬁCEoﬁ?ﬁééﬁéaééﬁt &irRilNg SO T 29GeRly hasyitipce
46% by mass o tln gQ h% ql nBss, i n the plating bath;

(b) a gadd?¥hidm %I?)’rrp%rtj d-'tont (?(Fﬁlh]gcos by e Yo 54% by mass of
gadol i ni u @@@fﬁ on entire netal nmass in the plating bath; (c) at

| east one conplexing agent; and (d) a solvent. [0013] a. Tin conpound
The tin conpoundeageatnggcd aHde: prederins, N¥ERELON 4151 0y iheghk red:
to be the one which is dissolved in a solvent as single conpound or

t oget her witihdieddiyd exitngwagekerdesesibed drattére, tihusonhaipioyiakloy
tin ion. Although the present invention does not limt to these klnds
of conpourﬂ%attcﬁepéoeaﬁtﬁe ud@B2PFAcs EREENSudR gy R dt-ord e & 477

br om de, t|n sulf rbonat organi.c, tin

Ul Tonat e, PYPRCSH FoSGERT ot & M HTh ST GRG, St PR LI afBr b fremediate
tartrate, {ip.glugenaleng! R 0xalakey andld i @adle, AL ARI] LAY oy

soluble salts containing a m xture of them ‘As of these, a salt wth
organi c tinrsstheomal e(rsrpreterpred. 235- J4Hdde Patentdheaid+upan No.
provided fromthe tin conmpound is contained in the plating bath of
the present0ifivenht 609 ratorw scamatmeyhof fGemO%cdhy wralssnd® o46%- byp hassg
based on entire netal nmass in the plating bath; preferably 99. 7% by
nmass to 5094 bys ass hapied ﬁtleffferrﬁﬂtycwewfgeyrv@ébyt%%§u98ree%189 the

d most. pref f 9. 7% b 70% 0015
The concerfPATFOR6f Gt PALRBTRT | orf T4 nEopIRl ng) bat b 16- TS

|o ing bath isin
range fronlr%)egﬂ-eﬁél-]?tac&e%(%o 94 }o1-3P&n PR, er@@by-éé@%@ éu%h:etsee%OOttoe
g/L. Generally the tinion exists in the plating bath in a range from

20 g/L to @8Reghtioand prebarabl yy fimti2hg@ibnhec80rg/dnd [tOR16] ke, on
b. Gadol i ni um conpound The gadol i ni um conpound according to the

present i nwlenthoredd-fards ttiar-yoadrpound flloplylathienedpeppdiedn bhith
di ssolved in a solvent solely or together with a conpl exi ng agent



Appl i cabl e conpl exi ng agents in the present invention include: am no
-acid having 2 to 10 carbon atons; polycarboxylic acid such as oxalic
acid, adipic acid, succinic acid, malonic acid, and mal ei c aci d;

am noacetic acid such as nitrilotriacetate; alkylene pol yam ne

pol yacet ate such as ethyl enedi am ne tetraacetate (EDTA),

di et hyl enetri am ne pentaacetate (DTPA),

N- ( 2- hydr axyetdndn et bylepediramigiets PTL 4¥ ) adeledteanethods have, however,
1, 3-di am no-2-propanol -N, N, N , N -t et raacet at e,

bi s- ( hydr oxympheny [Dretdnd enogisamchedicacehat eases using tin-lead alloy
di am nocycl ohexanet et r aacet at e, and

et hyl enegl8&®t i s- ((- ani noet hyl et her)-N, N' -t etraacet at e) ;

pol yam nes N, N, N, N -tetraki s-(2-hydroxypropyl) et hyl enedi am ne,
et hyl enedi ,2,2',2"-triam notriethyl am ne,

trimethyl engt égn .ﬂiethylenetrianine,and

tetrakls(anlnoet §§% yl enediam ne; citrate; tartrate;

N, N-di - (2- ﬁg@ﬁﬁ@g@ﬁﬁg&éﬂﬂg@ﬂ ne; gluconate; |actate; crown ether;
cryptand; pol yhydroxyl group compound such as

2,2',2"-nitril oPTiethadebanheeePatanonhtid-Cpapolind BUGh1 48883
2,2"-bipyridin, 1,10-phenanthroline, and 8-hydroxyqui noline;

t hi o- contalnlngPFLgaﬂdJéﬂéﬁeﬁ§ ?ﬁFBQFyE@Fda@PﬁnmNPh 2008-88477

di et hyl di t hi oca and am no o]

i ot hanol ar ne. PAR ot r PEPAARGF aRERERC HatGNCREE 1P CBRCt oot R
Above conpl ex agent g . ”B Qﬁegéegahaneoma%bgg RE . 1960 9L 85 §9 Of
them [0020] npl exi ng agent according to the present

i nvention can be used |n vari ous concentrations. For exanple, there
can be the stoichionetric anount to the entire quantity of tin ion
and/ or gad®hmmaxyn édDniexestiony in the plating bath, or an excess
quantity from stoichionetric amobunt so as to conplex entire tin ion
and/ or gadbP¢iieR 1 oRCOTHRMt erm " st oi chionetric" signifies equi-nole
used hGFEIP oé?PZI] The conpl exi ng agent may exist in the

pl ati ng ba % a concentration ranging fromO0.1 to 250 g/L.
Preferably the %ng%%;gﬂtaﬂ%%n%étﬁg Bekhemphating kat efaJah@rhbove
anount fromz2 to 22 L, and nore preferably from50 to 1

[0022] d. @Qf&@ﬂ&tances Ehecspbyenit tfe phesphatimgrhaidn agez@rphmgld@
the present invention is only required to be the one which can

di ssol ve thetinrcaoompounty dlheyadedtmiogpmhacdmgobad ahdchhean prevent
conpl exi ng agent. The solvent can be water and a_non-aqueous sol vent

such as acel®muface QFB:G%ILO“Q?@EB? mqwi@f@lr%&l& ﬁ’@f‘ﬁ?llfléi“ﬁaﬁjo%y

A preferabl ol.vent .is t one fromwh t her _net

renoved by® f%ﬁ ?fgﬁ?EyCEﬁﬂ;%qH§|lq8§r %F B?e?era%?e gﬁéMﬁ%sﬁ% T
treated by, 56}%P¥@Ld8f aHEEQIec'tQB%lakQQ%?’%ethod ushhg R 'éﬂn@atathcpfto
t he present vention normally has a val ue rangi'ng froml to 14,

pref er abl yphetiawre siban rétcand miehmm‘ enabltyopolz tiveis m@&lﬁm
pH of the plating bat h maybe nmai ntained at a desired | evel by adding
a buffer thereto. Any conpatible acid or base can be used as the
buffer, and organic or inorganic conmpound thereof can be applied. The
term" conp%?i%géo%cF% BFOPARB" neans that no precipitation of silver
i ons and/o; GggPleX|ng agent is generated fromthe sol vent when that
kind of actd base is used at an ampunt sufficient to buffer the
pH Exanpl es of hhe Quffer ang ald@ld JREAlqdydr oxi decsuicly @sn$osi un
hydr oxi de and pot assi um hydr oxi de, carbonate, citric acid, tartaric
acid, nitrétedtidplacehl®aaci dhlantta@ms@h@ﬁwuﬁ@wd,n-tdmw@hnmtg alloy
limted to them [0024] e.Additive The plating bath of the
present i npéatéedrpraduops i onatdlyl € ditmied skiovie addi eleesrsnch members
surfactant, stabilizer, gloss agent, sem -gl oss agent, anti oxidant,



i nclude: ascorbic acid or salt thereof; hydroqui none; catechol;
-resorcin; phloroglucin; cresol sulfonate and salt thereof; phenol
sul fonate and salt thereof; and naphtol sulfonate and salt thereof.

[ 0029] Above- gi ven pH adj ustors include: various acids such as
hydrochloric acid and sulfuric acid; and various bases such as
ammoni um hydr oxi de and sodi um hydroxi de. [0030] (El ectroplating

met hod) and Thexpresenkxicalerhicon phovbdedaanoel echpesopdahamge net kod
whi ch contains the steps of: inmmersing the substrate in a plating

bat h; and @byt iydomlamieg eetthios fsehd the shaesubse ratapsamd tehen which
pl ati ng bath contains:_ (a) a tin_conpound containing 99.9% by nass to
46% by masEofe Tt HRRES PP ent 149 TetHd mass in the plating bath;
(b) a gadgt%&&yﬂ1conpound containing 0.1% by mass to 54% by nass of
gadol i ni u ased on entire netal mass in the plating bath; (c) at

| east one conpl gxLngrageniy apd (fhemol Yolint ibe REhhA@rQffacture a
el ectropl ating nethod according to the present invention can use

met hods sugcth-asobadieing! akingy racktplat i pgodhigh speedgcond:tduioust
pl ating, rackless plating, and the |Iike, being w dely known by the
persons skihtieekidethen ger fof088LE v agubytingteplating dotdidepaoit
the present invention, the substrate which allows the tin-containin
all oy to dRpdditcodtaimd rsuptaeE Phdisorirsacsnatic svessréteanthne hat
substrate is used. as thﬁ cathode in th ek%gtrogla%'nga rg%@%%'to 163

Al t hough tR& 3459 d5afict 15 & PR RS G8ad1E e” 8u e-are

not 1im ted, i dNege: PRESasddeh bAELYEentE QD ndd £Kel theOPPEEing bath;
chromium tin, zinc, and their alloys; preferably stainless steel, 42
al | oy, phosgphergbsenzeiunicehlonnr asst aandng e 114 ke maBiet s st bateass
can be subjected to surface treatnment to inprove the adhesi on of
pl ating. [@03R|ddlirEwcieslegsps eohdieimnetal massAdookbenglabinheath;
el ectropl ati ng method of the present invention, the substrate to

al l ow t he {Fh-TonteAH RPAFP I 1dpESEN e pPaE NE) BnSPhEeRbr 12 §%
d th t hode. A | ubl f YA |
lsed as 1 HEPERLRG e el PeleoEAZRRRG: G PEY Rt Uk iRt e

on rode. i‘Avention,
pul se platypg,or direct current plating, or a conbination of them can
be used. [0033] Dependi ng on the substrate being plated,

person skilled in the art can adequately change the design current
density and the potential on the surface of electrode in the

el ectr opl addngnproecess. Eeaeral ¢y Ieertieent density of anode and of
cathode varies in a range fromO0.5 Alcn2 to 5 Alcn2. The tenperature
of the plaf?%bobath is kept in a range from25C to 35C during the

el ectropl ati ng ce el ec lL.ati ng. €SS .i.S LE

SUTi Gi ont 11 e PSS 1o he T e ap0ari T o Togeh g3 EsThagd d£eF
thi Ckness;pi@@iﬂ?tﬂ&% gécw@iﬂﬁeﬁee&elgw@éuﬂ@@n@aﬂtﬁgmatm rovide the
tin-containing alloy filmon the surface of the substrate by a

t hi ckness tangcogtitommd. 81l1oyt 01580emh proliBict WHIGM |pAfSuhsts ater M dd
t he deposited el ectropl ating) The present invention provides a
substrat e 9kidathen degosiprrke ebeeucopgrating ohvhheksusf ackuxheeandre,
containing : (1) tin by a gyantlty ranging frqg%ig. 9% by mass to 46%
by nmass ba&k# %W?qélﬁﬁ Pt RESINIaRY L P2)P Rl Ay S8l R T €55
rangi ng from 0. 1% by. nass .t 4% .mass entire. .S
o035 AR YRR Ra Ry AR e S el T e
surface of,Lhe,subst§al encon, SUPPERSs dhecspriase 9xidathon: ang, camus
hi nder the generation of whiskers. Furthernore, the tin-containing

al l oy pl atpagvhasna Hhandifese hanghagsfddm2@ot D6A6H UficWeekelisrdness.
har dness. [ 0036] Al t hough the reason that the tin-containing
all oy plating deposited on the surface of the substrate according to
the present invention has above-descri bed property of excellent



(Salt spray test) Based on JI' S H8502, the el ectropl ated
- substrate was subjected to neutral salt spray test (5% NaCl aqueous

solution) . - 15 - The condition of plated surface (presence/ absence
of corrosion) was observed after 0.5 hours, 2 hours, and 8 hours.
[0042] (Wi sker test) Based on the Japan El ectronics and

| nf ormati on Technol ogy | ndustries Association (JEITA) Standard

ET- 7410, tihes@enssiadi o dmbdi iskeatiiss was observed under high
tenperature and high hum dity condition. [0043] The

el ectropl at®@d Llubstrate was hel d at 55C3C and 85% of RH for 2000
hours. After that, the presence/absence of whisker on the surface of
t he speci nen wash8bded¢ediasi ayraysranthgt et bt FOHE TR st oifes st
over a surface area.of 0.2 0.4 en no whi ske s found,. the
Tark Not Gonbhar S TRIS "G ver M WRIP I e BT GBRLPR: 8w iedy
is 1l mmt " Sl L ghtl ted” j :

| ength t h%’%%?ﬂ%g tlg)g E%élﬁnpr%énlggrl,%e%gﬂ%n?kgg%en r ar%ggfgmg\%iavieﬁn%he
[0044] (Sodsgercawtdabity thhd esd9dign adeqddraceordance with JI'S Z3196,
an electrolytically plated substrate was subjected to sol der
wettabilitydEst by the wetting bal ance nethod. The eval uation was
given using the solder bath of: tin-lead eutectic solder (tin : |ead
= 60%: 40% as(Péabipaskatssl der, and tin-silver-copper sol der
(M7O5, tin : si)yver : capper=.96.5%: 3%: Q.5%, manufactured by . .
Sonj o et al | ndbaEr PRai TR (hn S aBCFREALPRed Sot Bir BEPBEREC VLoD
[ 0045] - - {,Exanp]e : at.i -h .cqnpt gk, ny o
fol |l ow ng-lLfsclmstEae1 cb%())néaln%tslnatcoéngﬁé@rl?t %33?822339\/22 ?ﬁnﬂ%ggpée&i E/\?as%c’
prepared. ghus gy epar e 1o Sdd ngh Bath rshewesd] sidond rmehdipyat {09481t h;
[ Table 1] (Table 1) Tin oxide 35 g/L Isopropanol sulfonate 150 g/L

Di et hanol atihne ¢0dgl inGroserggemidscoptalnisg dr.Bitchbaciabsltg/d4% by mass
Gadol i nium oxide 0.4 g/L [0047] . Electroplating was_applied to
an ir on- badedasifdsityiare basgdaCBoppet L H IR s Hirsts dhetNf Bhet AppRth/
pl ati ng bath, respectively. Th IS, the substrate, was | rsed in
Che pl ot i nt bath o5 (per At et Hahgiag 11 ot 25k & SUE e a
current rapg fromO0.5 to 5.0 A/dn2 of current density was applied
to the substrate using the substrate as the cathode for 1 to 2

m nutes, thus ohtarngdcampbabtng filmw th 2.0 nm of thickness. The
content of gadoliniumin thus obtained plating filmwas 0.10% by mass
based on the entheetimsscobothd ptatrdgnéi ton th@Od8}send7invention is

The obtained plating filmwas tested in terns_of heat resistance,
contact redfLY HAFBIINAT ker Behah /e WhaRE s8I 91wt EFelurabi FPEYenTHS

| i i i Tabl 5. 004 Ex | 2 . A pl i bat.h
oot nt i ng tREle SR Prot8HC thrb ot s streassdner At Shet o
Table 2 ) : ed; ti Nrention
Tt o, " EP LR calLPoR] ARASEL: A B NG iOch EROYRR i ofirant
sul fonat e deds g{dt Dietitanel anktbe bingé Lo GRsHAGRIH,S thklkelcASCHE Rigad

acid 1 g/L
tin salts such as tin chloride, fin bromide, tin sulfate, tin
sulfite, tin carbonate, organic tin sulfonate, tin
sulfosuccinate, tin nitrate, tin citrate, tin tartrate, tin
gluconate, tin oxalate, and tin oxide, and arbitrary soluble

salts containing a mixture of them. As of these, a salt with

organic tin sulfonate is preferred.



Gadol i ni um oxi de 0.6 g/L [0051] El ectroplating was applied to
-an iron-based substrate and a copper-based substrate in the above
pl ati ng bath, respectively. That is, the substrate was i mersed in
the plating bath at a tenperature ranging from25C to 30C, and a
current ranging from0.5 to 5.0 A/dn2 of current density was applied
to the substrate using the substrate as the cathode for 1 to 2
m nut es, tfuesiobtained a plating filmwith 2.0 mof thickness. The
content of gadoliniumin thus obtained plating - 18 - filmwas 0.30%
by mass based ohh¢ helmntdn envessiesf firom phat thy ¢ompeufdosRicontained
The obt ai ned pl ati n%_fi I mwas tested in terns of heat resistance,
contact réd} &gnpéatinekkrennat dits Lreavdtsarvendder atrafiyanyttyred

result is givgn.in Table 5  [0053 anple 3) .. A _plating bat
cont ai ni ng%‘t?g’ P T“Sﬁnsn‘g?ﬁ%‘t% rc“%ﬁ%?é%%?% At eélécr%crée’nf“?él:Eglllorﬁ%"":’%ilvnerqlt n
Tabl e 3 was nrgpar ;Tg%e SRANED Pl-at ing hatdh showed 5t reng,
acidity. [Ooagczf]qﬂf‘lﬁﬁhe ] (%bl e 3’g) Tin (%}?de 35 g/L IS()betpr opanol more
sul f onat e g20r Hdp 1} erbam arg e bl 0t & cGiasp magentamndhbs L-pAscerdand v
acid 1 g/L Gadoliniumoxide 9.5 g/L [0055] El ectropl ati ng was
appl i ed tdam iFOntbasediasubsta atls dnd e scopper - based substrate in

t he above LE)plati ng bath, respectively. That is, the substrate was
i mersed iP4ha plating bath at a tenperature ranging from25C to

30C, and a curregnt rangi from0.5 t0.5 0 A/dnR of, curren ensi.t
was applied to fﬁ% “ib r?%’iaétluosr} 7§ TR %B%GItragt &%ast 'ﬁéti} % % %gﬁ%éfbda)r{t R
1 L LA AU S ki QDb OPC @ PLBLG PO, dddTHULER (204 b 0. 5
t hi ckness.” The content of gadolihiumin thus obtalned plating film
was 8. 00%dyr messobaseg/on theantine thassinfidhexilsats ng ¢hé Mlating
[ 0056] The obtained plating filmwas tested in terns of heat
resi st anc&aidoritraet raege sfaecd,0 Wi/dkeps2 aralessndande§arabhst rom 25
durability. The result is given in Table 5. [0057] (Exanple 4)

A plating At HteoHt Hing the fol |l owing-1isted conponents at the
respective (g(ﬁp ntrations given in Table 4 was prepared. Thus

pr epar ed pi @S bath showed strong acidity. [0058] [Table 4] (Table
4) Tin oxide 35,9/ L Isepnopan SHdpet €120 g/L Di et hanol am ne 50
g/L doss agent5 g/L L-Ascorbic acid 1 g/L Gadolinium oxide 29 g/L

[ 0059] Etraet r gptiat i nguivascappbied tHcedrdton- basedisaibsireatent
and a copper-based substrate in the above plating bath, respectively.
That is, tiwvenbbirate avesitrmey sednpoundel platingbatdomnouwnd can be
tenperature ranging from25C to 30C, and - 20 -

dissolved in a solvent solely or together with a complexing
agent described below, thus providing gadolinium ions. In the
present invention, applicable gadolinium compounds include
gadolinium salt such as gadolinium nitrate, gadolinium oxide,
gadolinium sulfate, gadolinium chloride, and gadolinium
phosphate, and a mixture thereof, though not limited to them.
Among these, gadolinium oxide is preferred.

[0017]

The gadolinium ions provided from a gadolinium compound

exist in the plating bath of the present invention by amounts



a current ranging from0.5 to 5.0 A/dn2 of current density was
“applied to the substrate using the substrate as the cathode for 1 to
2 mnutes, thus obtained a plating filmwith 2.0 mof thickness. The
content of gadoliniumin thus obtained plating fil mwas 54. 00% by
mass based on the entire mass of the plating film [0060] The
obtained plating filmwas tested in ternms of heat resistance, contact
resi stancegfrof akears thacdress, madd salthavalen sdurabhbi tytallheevaeSuldss
is given in Table 5. [0061] For the respective plating filns
obt ai ned fiohhehd atespeodthve Hratfiergpiat bise gé wenloln nExanmplresmna ytax skt
and Conparative Exanples 1 to 5, there was conducted tests of heat
resi st ancely GHNMUAGE FESTsE abtd O VOBKRY ST diESE paﬁé%abﬂ-ymﬁ@v - 3%
durability. T, 3 esult is |ven in

1E 3 SligHtl néf&Ped® r&%?"rﬁrT%%Fearbg]tyecfrﬁ& 0. I%Idttﬁe?‘u% a}f% “?aﬁﬁ
spray teStIf tH2 gRount SE é%é%lf%f%ﬂ190n% 1glsﬁgilé% than 0.1% by mass,

the whisker generation from the obtained silver-containing
alloy plated product cannot fully be suppressed. On the other
hand, if the amount of gadolinium ions is 54% by mass or larger
to the total mass of the metal, the electric conductivity
deteriorates. Generally the gadolinium ions exist in the
plating bath by amounts from 0.01 to 5.0 g/L, preferably from
0.1 to 5.0 g/L.

[0018]

c. Complexing agent

The complexing agent is a compound to stabilize ion by
coordinating to tin ion and/or gadolinium ion provided by the
tin compound and/or the gadolinium compcund, respectively.
According fo the present invention, the complexing agent can
have two or more metal-coordinated sites.

[0019]

Applicable complexing agents in the present invention
include: amino acid having 2 to 10 carbon atoms; polycarboxylic
acid such as oxalic acid, adipic acid, succinic acid, malonic
acild, and malelc acid; aminoacetic acid such as
nitrilotriacetate; alkylene polyamine polyacetate such as
ethylenediamine +tetraacetate (EDTA), diethylenetriamine

pentaacetate (DTPA), N-(Z2-hydroxyethyl)ethylenediamine
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triacetate, 1,3-diamino=-2-propanocl-N,N,N',N'-tetraacetate,
bis- (hydroxyphenyl)-ethylenediaminediacetate,
diaminocyclohexane tetraacetate, and

ethyleneglycol-bis-( (B—aminoethylether)~N,N'-tetraacetate);

polyamine such as
N,N,N',N'-tetrakis~ (2=hydroxypropyl)ethylene diamine,
ethylenediamine, 2,2',2"-triaminotriethylamine,
trimethylenetetramine, diethylenetriamine, and
tetrakis (aminoethyl)ethylenediamine; citrate; tartrate;

N,N-di-{2-hydroxyethyl)glycine; gluconate; lactate; crown
ether; cryptand; polyhydroxyl group coempound such as
2,2',2"-nitrilotriethanol; hetero aromatic compound such as
2,2'-bipyridin, 1,10-phenanthroline, and 8-hydroxyquinoline;
thio-containing ligand such as thioglycol acid with
diethyldithiocarbamate; and amino alcohol such as ethanolamine,
diethanolamine, and triethanolamine, though not limited to them.
Above complex agents may be used in combination of two or mcre
of them.

[0020]

The complexing agent according to the present invention
can be used in various concentrations. For example, there can
be the stoichiometric amount to the entire quantity of tin ion
and/or gadolinium ion existing in the plating bath, or an excess
guantity from stoichiometric amount so as to complex entire tin
ion and/or gadelinium ion. The term "stoichiometric”
signifies equi-mole used herein.

[0021]
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The complexing agent may exisi in the plating bath at a
concentration ranging from 0.1 to 250 g/L. Preferably the
complexing agent exists in the plating bath at an amount from
2 to 220 g/L, and more preferably from 50 to 150 g/L.

10022]

d. Solwvent

The solvent of the plating bath according to the present
invention is only reguired to be the one which can dissolve the
tin compound, the gadolinium compound, and the complexing agent.
The solvent can be water and a non-aguecus solvent such as
acetonitril, alcohol, glycol, toluene, and dimethyiformamide.
A preferable solvent is the cone from which other metal icons was
removed by ion resins, and the like. The most preferable one
is water treated by removal of metal ions.

[0023]

The plating bath of the present invention normally has
a pH value ranging from 1 to 14, preferably not more than 7,
and more preferably not more than 4. The pH of the plating bath
may be maintained at a desired level by adding a buffer thereto.
Any compatible acid or base can be used as the buffer, and organic
or inorganic compound thereof can be applied. The term
"compatible acid or base" means that no precipitation of silver
ions and/or complexing agent is generated from the soclvent when
that kind of acid or base is used at an amount sufficient to
buffer the pH. Examples of the buffer are alkali metal

hydroxide such as sodium hydroxide and potassium hydroxide,
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carbonate, citric acid, tartaric acid, nitric acid, acetic acid,
and phosphoric acid, though not limited to them.
[6024]

e. Additive

The plating bath of the present invention can optionally
contain known additives such as surfactant, stabilizer, gloss
agent, semi-gloss agent, antioxidant, and pH adjustor.
[0025]

Above surfactant includes: nonionic surfactant prepared
by addition condensation of Cy;-Cy alkanol, phenol, naphthol,
bisphenocls, Ci~-Css alkylphenol, arylalkylphenol, C1-Czs
alkylnaphtel, Ci-Czs alkoxylated phosphoric acid (salt),
sorbitan ester, styrenated phenocls, polyalkylene glycol, C1-Cy»
aliphatic amine, C:-Cs; aliphatic amide, and the like with 2 to
300 moles of ethylene oxide {(EO) and/or propylene oxide {PO);
and various surfactants of cationic, anionic, or amphoteric.
[0026]

Above-given stabilizer is added aiming to stabilize the
liquid or to prevent decomposition of the liquid, and
specifically effective ones are known stabilizers such as cyan
compound, sulfur-containing cocmpournd such as thioureas,
sulfite, and acetylcysteine, and oxycarbonates such as citric
acid. Furthermore, above-described complexing agents are also
useful as the stabilizer.

[0027]
Above-given gloss agents include: various aldehydes such

as m—-chlorcbenzaldehyde, p-nitrobenzaldehyde,

_10_
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p-hydroxybenzaldehyde, 1-naphtcaldehyde, salicylaldehyde,
paraldehyde, acrolein, chlotonaldehyde, glutaraldehyde, and
vanillin; ketones such as benzalacetone and acetophenone;
unsaturated carboxylic acid such as acrylic acid, methacrylic
acid, and crotonic acid; triazine; imidazole; indole;
guinoline; 2-vinylpyridine; and aniline.
[0028]

Above-given semi-gloss agents include: thioureas;
N- (3~hydroxykbutylidene)-p-sulfanyl acid;
N-butylidenesulfanyl acid; N-cinnamoylidene sulfanilic acid;
2,4-diamino-6-{2' -methylimidazolyl(1")}ethyl-1,3,5-triazine
2,4-diamino-6- (2’ —ethyl-4-methylimdazolyl{1l’})ethyl-1,3,5-t
riazine;
2,4-diamino-6- (2’ —undecylimidazolyl (1’ ))ethyl-1,3, 5-triazin
e; phenyl salcilate, and benzothiazoles such as benzothiazole,
2-methylbenzothiazole, 2- (methylmercapto)benzothiazole,
2—-aminobenzothiazole, 2—=amino-6-methoxybenzothiazole,
2-methyl-5-chlorobenzothiazole, 2-hydroxybenzothiazole,
2-amino-é-methylbenzothiazole, 2-chlorobenzothiazole,
2,5-dimethylbenzothiazole, 2-mercaptcbenzothiazole,
6-nitro-2-mercaptobenzothiazole,
5-hydroxy-2-methylbenzothiazole, and
2-benzothiazoiethicacetate. Above~-given antiocxidants
include: ascorbic acid or salt thereof; hydrogquinone; catechel;

resorcin; phloroglucin; cresol sulfonate and salt thereof;

- 11 -
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phenol sulfonate and salt therecf; and naphtol sulfonate and
salt thereof.
[C029]

Above-given pH adiustors include: various acilds such as
hydrochloric acid and sulfuric acid; and various bases such as
ammonium hydroxide and sodium hydroxide.

[0030]

(Electropilating methed)

The present invention provides an electroplating method
which contains the steps of: immersing the substrate in a
plating bath; and applying an electric field to the substrate,
and the plating bath contains: (a) a tin compound containing
99.9% by mass to 46% by mass of tin based on entire metal mass
in the plating bath; (b) a gadolinium compound containing 0.1%
by mass to 54% by mass of gadolinium based on entire metal mass
in the plating bath; (c¢) at least one complexing agent; and (d)
a solvent. The method of electroplating method according to
the present invention can use methods such as barrel plating,
rack plating, high speed continuous plating, rackless plating,
and the like, being widely known by the persons skilled in the
art.

[0031]

a. Substrate

According to the present invention, the substrate which
allows the tin-containing alloy to deposit on the surface
thereof is conductive one, and the substrate is used as the

cathode 1in the electroplating precess. Although the

- 12 -
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conductive materials used as the substrate are not limited to
those ones, they include iron, nickel, copper, chromium, tin,
zinc, and their alloys; preferably stainless steel, 42 alloy,
phosphor bronze, nickel, brass, and the like. The substrate
can be subjected to surface treatment to improve the adhesion
of plating.

[0032]

b. Electrolysis condition

According to the electroplating method of the present
invention, the substrate to allow the tin-containing alloy to
deposit (plating) on the surface is used as the cathode. A
soluble anode or preferably insoluble anode is used as the
second electrode. According to the present invention, pulse
plating or direct current plating, or a combination of them can
be used.

[0033]

Depending on the substrate being plated, person skilled
in the art can adequately change the design current density and
the potential on the surface of electrode in the electroplating
process. Generally the current density of anode and of cathode
varies in a range from 0.5 A/cm® to 5 A/cm®. The temperature
of the plating bath is kept in a range from 25°C to 35°C during
the electroplating preocess. The electroplating process is
sustained for a sufficient time to allow the formed deposit to
reach a desired thickness. The method of the present invention

can form the tin-containing alloy film on the surface of the

substrate by a thickness ranging from 0.01 pum to 50 pum.

- 13 -
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[0034]

{Substrate with the deposited electroplating)

The present invention provides a substrate with the
deposited electroplating on the surface thereof containing: (1)
tin by a quantity ranging from 99.9% by mass to 46% by mass based
on entire metal mass; and (2) gadolinium by a quantity ranging
from 0.1% by mass to 54% by mass based on entire metal mass.
[0035]

The tin-containing alloy plating deposited on the surface
of the substrate can suppress the surface oxidation and can
hinder the generation of whiskers. Furthermore, the
tin-containing alloy plating has a hardness ranging from 20 to
165 of Vickers hardness.

[0036]

Although the reason that the tin-containing alloy plating
deposited on the surface of the substrate according to the
present invention has above-described property of excellent
anti-oxidation performance is not strictly analyzed by theory,
the reason is presumably that the addition of gadelinium allows
forming a tin-containing alloy which has a dense crystal
structure.

[Examples]
[0037]

The present invention and the effect of the invention are
described below referring to Examples and Comparative Examples.
These Examples, however, do not limit the scope of the present

inventiocn.
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[0038]

(Heat resistance test)

An electrolytically plated substrate was heated to 280°C
for 3 minutes, and the changes appeared on the plating surface
were observed. In addition, the heat-treated plating surface
was evaluated by the cross-cut method (1 mm of spacing).
[0039]

(Contact resistance)

The electrolytically plated substrate was clamped by a
pair of terminal electrodes. The contact area between the
terminal electrode and the substrate was set to 10 cm?, and the
terminal electrode was pressed against the substrate applying
1000 N of force. In that state, a 5.00 & of current was applied
between the terminal electrodes, and the potential difference
between one terminal electrode and the substrate was determined.
Using thus obtained potential difference, the contact
resistance was determined.

[GG40]

{(Method for determining the surface Vickers hardness)

Using a surface hardness gauge (Mocdel DMH-Z, manufactured
by Matsuzawa Co., Ltd.), the Vickers hardness was determined
in an environment at normal temperature under a loading
condition of 0.245 N (25 gF) for 15 seconds.

[0041]
{(Salt spray test)
Based on JIS H8502, the electroplated substrate was

subjected to neutral salt spray test (5%-NaCl agqueous solution).

- 15 -
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The condition of plated surface (presence/absence of corrosion)
was observed after 0.5 hours, 2 hours, and 8 hours.
[0042]

{Whisker test)

Based on the Japan Electronics and Information Technology
Industries Association (JEITR) Standard ET-7410, the
generation of whiskers was observed under high temperature and
high humidity condition.

[0043]

The electroplated substrate was held at 55°C+3°C and 85%
of RH for 2000 hours. After that, the presence/absence of
whisker on the surface of the specimen was observed using a
scanning electron microscope (SEM) over a surface area of 0.2
mmx 0.4 mm. When no whisker was found, the mark "Not generated™
was given. When the length of generated whisker is 1 um to 10
pm, the mark "Slightly generated" was given. When the length
thereof is 10 um or longer, the mark "Generated" was given.
[0044]

(Solder wettability test)

In accordance with JIS Z3196, an electrolytically plated
substrate was subjected to solder wettability test by the
wetting balance method. The evaluation was given using the
solder bath of: tin-lead eutectic solder (tin : lead = 60%
40%) as lead-based solder, and tin-silver-~copper solder (M705,
tin : silver : copper = 96.5% : 3% : 0.5%, manufactured by Senju
Metal Industry Co., Ltd.) as lead-free solder, respectively.

(0045]

_16_
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(Example 1)

Aplatingbath containing the following-listed components
at concentrations given in Table 1 was prepared. Thus prepared
plating bath showed strong acidity.

[0046]

[Table 1]

(Table 1)

Tin oxide 35 g/L

Isopropanol sulfonate 150 g/L

Diethanolamine 60 g/L

Gloss agent 5 g/L

L-Ascorbic acid 1 g/L

Gadolinium oxide 0.4 g/L
00473

Electroplating was applied to an iron-based substrate and
a copper-based substrate in the above plating bath,
respectively. That is, the substrate was immersed in the
plating bath at a temperature ranging from 25°C to 30°C, and
a current ranging from 0.5 to 5.0 A/dm? of current density was
applied to the subsirate using the substrate as the cathode for
1 to 2 minutes, thus obtained a plating film with 2.0 um of
thickness. The content of gadolinium in thus obtained plating
film was 0.10% by mass based on the entire mass of the plating
£ilm.

[0048]

- 17 -
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~all the Conparative Exanples including tin-lead alloy plating
(Conparative Exanple 1), there was observed discoloration after the
heat -resi stance test. On the other hand, Exanples 1 to 4 according to
the present invention generated no discoloration and separation, thus
confirmed to have sufficient heat resistance. In the salt spray test,
there was observgd @BEéQﬁé@anBtﬁﬂg 01 0%%6,620 QleishticdTH GO eI NG tdht
plating film (Conparative Exanple 2), the plating filmconposed only
of tin (Compairstdve: Exanptast 3rasdsddncandviihgetrbnhsirkivessal laoyl salt
plating film (Conparative Exanple 5). To the contrary, the plating
film (Exaniiesr dumbflidacor dheg res Ui 1gr 64880 iAvaabilenSand t he
tin-1ead alm%g]gl ati ng film (Conparative Exanple 1) generated no
corrosion fter hours. [0064] Furthernore, the plating
fil maccording gg %Itaﬁlgrg ent invention confirnmed to have higher
surface hardness t of the tin-lead alloy plating, while
keeping a Surfaﬁgal('a‘%rltrﬁ!;%afﬁ%'o%ﬁt@ﬁ%%n%' hd ab1tewtRat- 195 tkhe-diidbr aadk
all oy plating According to the observation of

gener at i omtotomeakeaslahtseglnghnt Balpbe &t we e rargariegh hlihadignedaesid
a tendency of suppressing the generation of whiskers appeared on the
i ron- based> balsengrdvah aghoved het xase atidL W of gadol i ni um (Exarrpl e
1) and of 0 3% 1 hereof (Exanple 2). In addition, Exanples 3 and 4
showed no a]atl on of whiskers for both the iron-based base

mat eri al and co @gg %35 d base material. On - 25 - the other hand,
all the Corrpara ive | es generated whi skers except for the
tin-lead alloy pirabhBgo( Conparative Exanple 1). [0066] Next ,

the solder wettability test was given to the plating filns obtai ned
fromthe respectivecpliati ngs batihhs of Exanples 1 to 4 and of
Conparative Exanples 1 to 5 shown in Table 5. The result is given in
Table 6. - 26 -Issnr;z\ga@gl sutfopape 120 @: 004 001. 00 ir c Z

Diethanolamine 50 g/L

Gloss agent 5 g/L

L-Ascorbic acid 1 g/L

Gadolinium oxide 0.6 g/L
[0051]

Electroplating was applied to an iron-based substrate and
a copper-based substrate in the above pilating bath,
respectively. That is, the substrate was immersed in the
plating bath at a temperature ranging from 25°C to 30°C, and
a current ranging from 0.5 to 5.0 A/dm® of current density was
applied to the substrate using the substrate as the cathode for
1 to 2 minutes, thus obtained a plating film with 2.0 um of

thickness. The content of gadolinium in thus obtained plating

_18_
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film was 0.30% by mass based on the entire mass of the plating
fiim.
[C052]

The obtained plating film was tested in terms of heat
resistance, contact resistance, Vickers hardness, and salt
water durability. The result is given in Table 5.

[0053]

(Example 3)

Aplating bath containing the following-listed components
at concentrations given in Table 3 was prepared. Thus prepared
plating bath showed strong acidity.

[C054]

[Table 3]

{(Table 3)

Tin oxide 35 g/L

Isopropanol sulfonate 120 g/L

Diethanolamine 50 g/L

Gloss agent 5 ¢g/L

L-Ascorkic acid 1 g/L

Gadolinium oxide 9.5 g/L
[0055]

Electroplating was applied to an iron-based substrate and
a copper-based substrate 1in the above plating bath,
respectively. That is, the substrate was immersed in the
plating bath at a temperature ranging from 25°C to 30°C, and
a current ranging from 0.5 to 5.0 A/dm® of current density was

applied to the substrate using the substrate as the cathode for
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1 to 2 minutes, thus obtained a plating film with 2.0 pm of
thickness. The content of gadelinium in thus obtained plating
film was 8.00% by mass based on the entire mass of the plating
film.
[0G56]

The obtained plating film was tested in terms of heat
resistance, contact resistance, Vickers hardness, and salt
water durability. The result is given in Table 5.

[0057]

(Example 4)

Aplatingbath containing the following-listed components
at the respective concentrations given in Table 4 was prepared.
Thus prepared plating bath showed strong acidity.

[0058]

[Table 4]

(Table 4)

Tin oxide 35 g/L

Isopropanol sulfonate 120 g/L

Diethanolamine 50 g/L

Gloss agent 5 g/L

IL-Ascorbic acid 1 g/L

Gadolinium oxide 29 g/L
[0059]

Electroplating was applied to an iron-based substrate and
a copper-based substrate in the above plating bath,
respectively. That is, the substrate was immersed in the

plating bath at a temperature ranging from 25°C to 30°C, and
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a current ranging from 0.5 to 5.0 A/dm® of current density was
applied to the substrate using the substrate as the cathode for
1 to 2 minutes, thus obtained a plating film with 2.0 um of
thickness. The content of gadoclinium in thus obtained plating
film was 54.00% by mass based on the entire mass of the plating
fiim.

[0060]

The obtained plating film was tested in terms of heat
resistance, contact resistance, Vickers hardness, and salt
water durability. The result is given in Table 5.

[0061]

For the respective plating films obtained from the
respective plating baths given in Examples 1 to 4 and
Comparative Examples 1 to 5, there was conducted tests of heat
resistance, contact resistance, Vickers hardness, and salt

water durability. The result is given in Table 5.
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[0063]

In all the Comparative Examples including tin-lead alloy
plating (Comparative Example 1), there was observed
discoloration after the heat-resistance test. On the other
hand, Examples 1 to 4 according to the present invention
generated no discoloraticon and separation, thus confirmed to
have sufficient heat resistance. In the salt spray test, there
was observed corrosion on the 0.01% gadolinium-containing tin
plating film (Comparative Example 2), the plating film composed
only of tin (Comparative Examples 3 and 4), and the tin-silver
alloy plating film (Comparative Example 5). To the contrary,
the plating film (Examples 1 to 4) according to the present
invention and the tin-lead alloy plating film (Comparative
Example 1) generated no corrosion even after 8 hours.

[0064]

Furthermore, the plating film accerding to the present
invention confirmed to have higher surface hardness than that
of the tin-lead alloy plating, while keeping a surface contact
resistance similar to that of the tin-lead alloy plating.
[0065]

According to the cbservation of generation of whiskers
after high temperature and high humidity test, a tendency of
suppressing the generation of whiskers appeared on the
iron-based base material in the case of 0.1% cf gadolinium
(Example 1) and of 0.3% thereof (Example 2). In addition,
Examples 3 and 4 showed no generation of whiskers for both the

iron-based base material and copper-based base material. ©On
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the other hand, all the Comparative Examples generated whiskers
except for the tin-lead alloy plating (Comparative Exampie 1}.
[0066]

Next, the sclder wettability test was given to the plating
films obtained from the respective plating baths of Examples
1 to 4 and of Comparative Examples 1 to 5 shown in Table 5. The

result is given in Table 6.
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[0068]

As shown in Table 6, Examples 1 to 4 according to the
present invention showed tco have wettability similar to that
of the tin-lead alloy plating (Comparative Example 1) for both
the lead-based solder (tin-lead eutectoid solder) and the

lead-free solder {tin-silver-copper solder).
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CLAIMS

1. A substrate comprising an electroplating deposited on a
surface thereoi, the electroplating containing:

(1) tin by a quantity of 99.9% by mass to 46% by mass based
on entire metal mass; and

(2) gadolinium by a quantity of 0.1% by mass to 54% by

mass based on entire mass.

2. The substrate according to claiml, wherein said substrate

is in an electronic member or an electric member.

3. An electroplating method to deposit a tin-containing
alloy on a surface of a substrate, comprising the steps of:
immersing the substrate in a plating kath; and
applying an electric field to the substrate, and
said plating bath containing:
(a) a tin compound containing 99.9% by mass to 46% by mass
of tin based on entire metal mass in the plating bath:;
(b) a gadolinium compound containing 0.1% by mass to 54%

by mass of gadolinium based on entire metal mass in the plating

bath;
{c} at least cne complexing agent; and
(d} a solvent.
4. An electroplating bath to deposit a tin-containing alloy

on a surface of a substrate, comprising:

_31_



Luin [0068] As shown in Table 6, Exanples 1 to 4 according to
“the present invention showed to have wettability simlar to that of
the tin-lead alloy plating (Conparative Exanple 1) for both the

| ead- based sol der (tin-lead eutectoid solder) and the | ead-free

sol der (tin-silver-copper solder). - 30 - CLAIMS 1.A substrate
conprising an electroplating deposited on a surface thereof, the

el ectropl ati ng ¢antakcnnngempound cofbriniimgby 2 adfuantnbty tof 498, 9YRES
mass to 46% by nmass based on entire netal mass; and _ (2)

gadol i ni ur@byt & deiftd 130 G0l e IRE e % BURNSY eds ased 'en
entire mass. 2. subsirate according .to claiml erein said o
substrate s nlBh SIBTGRETERDEPar SREETRELTE I ohbe nagt e 548
el ectropl at.i - i tin- i ni ; r.f

of "o substrares oA A ARE bR ST AL AP e Y 180CRe SRRy
pl ati ng batdxhand applying an electric field to the substrate, and
said plating bath contai ning: (a) a tin conmpound contai ning
99. 9% by mass t ocA6& byeanssoné tompbasedgoagent;randetal nass in the
pl ati ng bat h; (b) a gadol i nium conpound cont ai ni ng 0. 1% by
mass to 54% by ﬁﬁésaoﬁoéﬁﬁﬁtiniun1based on entire netal mass in the
pl ati ng bat h; (c) at |east one conpl exi ng agent; and

(d) a solvent. 4.An electroplating bath to deposit a tin-containing
alloy on a surface of a substrate, conprising: - 31 - (a) a
tin conpound containing 99.9% by mass to 46% by nmass of tin based on
entire nmetal mass in the plating bath; (b) a gadolinium
conmpound containing 0.1% by mass to 54% by mass of gadol i ni um based
on entire netal mass in the plating bath; (c) at |east one
conpl exi ng agent; and (d) a solvent. - 32 -
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