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ALLOY COMPOSrrION AND PLATING METHOD 

Background of the J.nvention 

This invention relates gen~ to the field of metal alloys useful for 

m.etal plating. In particular, the present ~venti.on relates to tin-copper 

alloys for electronic applications .. 

Tin and tin-lead alloy depositS are useful for the electronics industry, 

particalax'ly in the nianmacture of printed wiring bouda, electrical contacts 

ml;d connectors, semitwCOnductors, electrical conduit and othei: related p~ 

where the inherent ProPerties of these deposits are necessary. Elect:toplating . . 
methods for depositing tin, tin-lead and other tin eontammg alloys are well 

kn.own and many eiectrolytes have been proposed for eledroplating such 

metals and/w: alloys~ For example, US Patent No. -4880,507 (Tohen et al.) . . 

discloses an electroJ.yte2 systelll and process for depositing tin, lead or a tin-

lead alloy by high sPeed electroplating. , 

The electroni~s industry is continuously looking for alternatives to lead 

as th!3 toxic properti~ of this material are well known and its use may be 

regulated in the fil.tin:e. The challenge to the industry has been finding 

suitable replacements for tin-lead alloys that possess the same or similar 

properties. Once suCh replaceme11ts are found, electroplati:Dg processes 

capable of codepositing the alloying metals in just the right proportions to 
:bnpart the desired properties must be developed. 

The melting temperature and COlllposition.S, typically the eutectic 

com.position, of the alloys used for such applications in the electronics 

industry is critical. ~For example, the composition of solders must be 

effectively contronea or else ·the solder ~Y melt at too high 01" too low a 

temperature, resulting in either a temperature too high for printed wiring 

boards to withstand or incomplete formation of the- solder joint~ It is also 

important that any metal or alJ.oy deposit on the components have good . 
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solderability and be: able to withstand the solder temperatures used. It is 

also advantageous that such metal or alloy deposit fbrm a good solder joint 

with tin-lead solder and lead-fr:ee solders. 

Known lead-free alloy::; sufter from one or lllOX'e deficiencies that fun.it 

their applicability to the electronics industry. Such deficiencies :include: a 

eutectic: temperature that is either tqo high or too low, and high cost due to . . 
expensive components, such as indium. Other lead-free alloys have typically 

been used as solders. but not as finishes for electronic components. For 

example, numerous leadM&ee solder pastes are known, such as tin-silver, tin-

. silver-copper1 tin-silver-antimony-copper and tin-copper. However, such 

paste compositions have not been used for preparing electtolyte compositions 

for electroplating. 

. Tin.:.COpper alloys are known to be electroplated. For example, Soviet 

Union Patent Applicati?Jl. 377 485 A discloses a Copper.-tb;i. alloy that is 

eleet:rolyti.cally deposited from. a bath containing 21 to 25 g/L copper en 
eyaxdde, 56 to 65 g!L potassium cyanide (total), 26 to 28 g/L potassium 

cyanide (free)7 56 to 62 g/L sodium staxmate, 9 to 10 g/L sodium ~de 

and 0.04 to 0.2 yJL 3-metbylbutanol. This bath contains 15 to 17 .8 g/L copper 

and 25 to 27 .6 g/L tin and has a pB of 12.8 to 13.2. Tbis electrolyte . , 
composition has a very high cyanide concentration which .is dangerous to 

handle. The resulting alloy also has a high copper concentration and does 

not provide a eutectic tin~per alloy. 

Soviet Union Patent Application 305 206 ~discloses highly adherent 

copper-tin alloy coatings deposited from an electrolyte consisting of 15 to 35 

g/L copper pyrophosphate, 20 to 35 f/L sodium stannat.e, 110 to 240 g/L 

potassium pyrophosphate and 5-17 glL potassium nitrate. This bath contains 

6.3 to 14. 'l glL copper and 8.9 to 15.6 g/L tin and has a pH of 10 to 11. The 
~ • •ti 

re..cmltmg alloy also has a high copper concentration and does not provide a 

eutectic tin-copper alloy. 



3 

There is thus~ continuing need for mi alloys having a high 
. . 

concentration of tin,;particularly for eutectic tin-copper alloys, that do not 

contain l~ avoid high cyanide eoncenti:ations, that have good mechanical 

properlies, are easily solderable, and that can be easily electrolytically 

deposited. 

Summarv of the Invention 

It mis been ~y found that tin-copper alloys that are 

B'Ubstantially free o(lead may be successfully plated using the electrolyte . . 

compositions of the present invention. Such tin--<!opper alloys produced :.5:om 

the electrolyte com.positions of the present in:ven'lion have the advantage of 

lower lJleltingpoint:combined with good mechaIJical ~electrical prope?Ues 

as well as resistance to tin whisker formation. 

In a first aspect, the present invention pro.vi.des an electrolyte 

composition for depoi:;itmg a tin-copper alloy on a substrate7 including 5 to 

100 gtL tin, 0.01 to ~O gfL copper, one or more aciclic electrolytes and 

optionally one or m0re additives, wherein the composition is substantially 

free of lead. 

In a second aspect, the present invention provides a method foi­

depositing a tin.-coppe1" alloy on a substrate including the steps of conta.eting 

the subs~te with the electrolyte coll}.position descn"bed above and passing a 

current through the electrolyte to deposit the tinweopper alloy on the 
. 

substrate, wherein the alloy is substantially free of lead. 
. 

In a third aspect, the present invention provides a substrate having a 

tin-copper alloy deposit.ed tb.e-reon according to the process described above. 
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J.n a fourth aspect, the present :invention provides a substrate including . . 
an alloy including 0.01 to 20 wt'J, copper and 80 to 99:99 wt'10 tin, wherein 

the alloy is substantially free of lead. 

ln a fifth aspect, the present invention pJ:Ovides a method for high 

speed electroplating of tin-copper alloys including the steps of. a) utilizing 

high speed elecb:oplating equipment~ com.prising an electroplating cell; an 

overflow reservoir aOjacent the ceil; means for returning solution from the 
. . 

reservoir to the electroplating cell; means for directing a substrate to be 

plated from an entry point at one end of the cell to an exit at a second end of 

the cell; b) introducing an el.eetrolyte including a basis solution of 5 to 100 g/L 

tin, 0.01 to 10 g/L copper, one or more acidic electrolytea, and optionally one 

or more additiv~ wherein the basis solution is substantially free of lea~ and 

c) continuously electfoplating substrates with tin--eopper alloy at a sufQ.cient 

current density and at a suf.5.cient temperature for hlgh speed el.ectroplat:iDg 

as the substrates pass through the electroplating solution within the cell 

In a sixth aspect, the present invention piovides a method for 

depositjng a ti:o.--copper alloy including the steps of a) contacting a printed 

wiring hoard with an electrolyt.e composition includ;ng 5 to 100 g/L tin, 0.01 

to 10 g/L copper, one or more acidic electrolytes and optionally one or more 

additives, wherein the electrolyte is substantially free of lead and b) passing 

a current through the electrolyte t.o deposit the tin-copper alloy on the 

printed wiring board. 

Jn a seventh aspect, the present invention provides a printed wiring 

board :including a tin-copper alloy deposited thereon, wherein the alloy is 

subatan.tially free of lead. 

In an eighth aspect, the present invention pro-rides an electronic 

apparatus including a printed wiring board including a tin..copper alloy 

deposited thereon, as described above. 
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Detailed Description of the Invention 

As used throughout this S}l.eclfication, the following abbrevi.8.tions shall 

have the following m.eanjngs, unless the context clearly indicates otherwise: 

C = Centigrade; F = FahreXlheit; g = gram; mL ::: milliliter; L =liter; wt% = 
percent by weight; ppm= parts per million; µm =micron; and ASF = amps · 

per square foot. The terms "depositing" and «plating" are used 

iD.terchang~Iy throughout this specification. "Halide .. refers to fluoride,. 

chloride, bromide and iodide. All percentages are by weight, unless otherwise 

noted. All numerieal ranges are inclusive. 

The electrolyte compositions of the present invention include 5 to 

lOOg/L tin, 0.01 to 10 g/L co:PPer, one or more aaidie electrolytes, and 

optionally one or more additives to enbance the efficiency and/or quality of 

the plating. The electrolyte compositions and tin-copper alloys of the present 

:invention are sabstantially free ofl~ and preferably free of lead. By 

"'substantially free oflead• is meant tha,t the electrolyte composition and the 

tin-copper alloy of the present invention eontain 1ess than 8bout 50 ppm of 

lead. The electrolyte.comJ;.iositions of the present inv-enti.on are preferably 

substantially free of cyanide, and more preferably free of cyanide. The 

electrolyte compositions of the present inv-ention are also preferabJ.v 

substantially free of pyrophosphate, and more preferably free of 

pyrophosphate. 

The tin useful in the present invention may ·be in the form of any 

solution soluble tin compound. Suitable tin com.poUJlds include, but are 110t 

limited to salts, sueh as tin halides, tin sulfates, tin alkane sulfonate, tin 

alkauol sulfonate, and the like, and acids. Whe;i tin halide is used, it is 

prefeiTed that the halide is chloride. It is preferred that the tin compound is . 

tin sulfate, tin chloride or tin a]kane sulfonate, and more preferably tin 
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sulfate or tin methane sulfonate. The tin compounds useful in the present 

invention are gencn-al1y commercially available or may be prepared by 

methods known in the literature. 

The amot1nt of tin comp01md useful in the electrolyte compositions of . 
the present invention is any amount that provides a tin content typically in 
the range of 5 to 100 ~ and pref~ly 10 to 70 g/L. When the composition 

of the present invention is used in a non-high speed plating process1 the 

axnount of tin present jn the electrolyte composition is typically in the range 

of 5 to 40 g/L, and preferably 10 to 20 g/L. When the composition. of the 

present invention is used in. a high speed plating process, the amount of tin 

present in the electrolyte. composition is typically in the range of 20 to 100 

glL, and prefex-ably 60 to 70 g/L. Mi:xtares of tin compounds may also be used 

advantageously :in. the present m'V'elltion. 

The copper useful in the present invention may be in the form of any 

so~ution soluble copper c0D1pound. Suitable.copper com.pounds include, but 

are not limited to copper halides, copper sulfa~ copper alk:ane sulfonate, 

copper alkannl sulfonate, and the like. When copper halide is used, it is 

prefen-ed that the halide is chloride. It is preferred that the copper 

compound is copper sulfate, copper alkane sulfona.te or mU:tures thereof, and 

more preferably copper sulfate, copper methane sulfona:te or mb:tures 

thereof. The coppex- compounds useful in the present mvention are generally 

co:rnm.ercially available or may be prepared by methods known in the 

literature. 

The amount of copper com~ useful in the electrolyte compositions 

of the present invention is 8llY amount that prov.ides a copper content 

typically in the range of 0.01 to 10 g/L, and preferably 0.02 to 5 g/L. When 

the composition of the present invention is used in a non-high speed plating 

process, the amount of copper present in the electrolyte composition is 

typically in the range of0.01 to 5 g/L, and preferably 0.02 to 2 glL.. When the 
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composition of the present invention is used in a high ,speed plating process, 

the amount of copper present in the electrolyte composition is typically in the 

range of 0.5 to 10 g/L., and in-eferably 0.5 to 5 g/L. Mixtures of copper 

com.pounds may be used advantageously in the present invention. 

Any acidic electrolyte that is solution soluble and does not otherwise 

adversely affect the electrolyte eomppsition may be used advantageously :in 

the present invention. Suitable acidic electrolytes include~ but are not 

limited to alkane sulfmrl.c acids, such as xnetha:oe sulfonic acid) sulfuric acid, 

s11lf~mic aci~ hydrocbloric acid, hydrobrom:ia acid and fluortJborlc acid. The 

acidic electrol,tes useful in the present :invention are generally comm.ercially 

available or may be Pl"epared by methods known in the literature. 

Typically, the amount of acidic electrolyte is in the range of 10 to 400 

mUL, and preferably 100 to 200 ml.IL. It is preferred that when the tin 

compouud and/or copper compound is a halide that the acidic electrolyte is 

the corresponding acid. For example, when tin c:blorlde and copper chloride 

· are used in the present fnveution, it is preferred that the acidic electrolyte is 

hydrocbloric acid. It will be appreciated by those skilled in the ext _that 

nrlxtures of acidic electrolytes may also be used m the prese.ut :invention. 

Electroplating baths containing the electrolyte compositions of the 

present invention are t:Ypically prepared by adding to a vessel one r»: more 

acidic electrolytes) followed by one or more tin compounds and one Ol" more 

copper compo1lllds, and then one or more other additives. Othe:r otders of 

addition of the components of ~e compositions of the present invention. ma.y 

be used. Once the bath is ~ared, undesired material is removed, such as 

by :filtratio~ and then water is added to adjust the final volume of the bath. 

The bath m.ay be agitated by any known me8IJJ5., such as stirrlng, swirling or 

shalring9 for in.er~ piating speed. 
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The electrolyte composil:ioll$ of.the present invention and plating baths 

prepared therefrom typically are acidic, i.e. having a pH of less than 7 t 

typically less than L An advantage of the electl'olyte compositions of the 

present invention is that pH a.cijustm.ent of the electroplating bath is not 

necessary. However, if a composition of a specific pH is desired, such as in . . 

the range of 2.5 to 4.57 then adjustment of the pH is necessary.· Such pH 
~ 

adjustment may be by a:o:y known methods, such as the addition of base or 

use of lesser amounts of acidic electrolyte. Su.ch electrolyte compositions of 

the present invention having a pH of in the range of 2.5 to 4.5 are 

parlicularly suited for use in the plating of components con~aining pH­

sensitive materials such as, for example, glass or ceramic capacitors and 

resistors. 

The electrolyte compositions of the present in:v'ention are useful in any 

plating method where a tin-copper alloy is desired. Suitable plating methods 

include, but are not limited to barrel plating and high speed platjng. A tin­

copper alloy m.a.y be deposited. on a substrate by the steps of contacting the 

substrate with the electrolyte composition descnDed above and passing a 

current through the electrolyte to deposit the tin--eopper alloy on the 

substrate. Any substrate that can be electrolytically plated with a ID:etal is 

suitable for plating accord:ing t.o the preseJ;l.t invention. Suitable substrates 

mclud~ but are not limited to: copper, copper alloys, Dickel, nickel alloys11 

nick.el-iron containing materials11 el~c components, plastics, and the 

like. Suitable plastics include plastie laminates, such as printing wiring 

boards, particularly copper clad printed 'Wiring boards. The elect-rolyte 

cOlllpositi.ons of the present invention are particularly suitable for 

electroplating of electronic component.s, such as lead frames, semicondu.ct.or 

packages, components, connectors, contacts, chip capacitors, chip resistors, 

printed wiring poards; and the like. 
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The sUbstrate may be contacted with the electrolyte composition in any 

manner known in the art. Typica)q, the substrate is placed in a bath 

containing the electrolyte composition of the present invention. 

Typically, the C1llTCilt density used to plate the·tin-copper alloy of the 

present invention is :in the range of, but not limited to,. 1 to 2000 ASF. When 

a non-high speed electroplating l>~ss is used, the cunent density is 

typically in the range of 1 to 40 .ASF ~ and preferably 1 to 30 ASF. 

~. 

Typically, the tin-copper alloy of the present invention may be 

deposited at a temperature in the range of., but not limited to, aoa to 150Q F 

(15a to 66° C) or higher, and preferably 70° to 125ca F C21° to 52° C), and more 

preferably 75° to 120° F (23° to 49° C). When a non-high speed electroplating 

process is used, the temperatare is preferably about. 70° to 75° F (21° to 25D 
C). It will be appreciated by those skilled in the art that lower plating 

temperatures are typically used with low speed, or non-high speed, plating 

systems aniJ/or the use Qf b:dghteners. It will also be appreciated by those 

skilled in the art that higher tempetatures are used with high speed. plating 

systems. 

For example1 when the electrolyte compositions of the present 

invention are used to deposit a tin-copper alloy on a copper clad printed 

wir.ing board, a suit.able current density is 20 ASF. The length of time the 

prl:o.ted wiring board remains in the electroplating bath is not criti~ but 

typically is 8 to 10 minutes at 20 .ABF. The resulting tin-copper alloy plated 

on the prin.t.ed wiring board is typically 7 to 8 µmin thickness. 

Jn general, the length of time a substrate remains in a plating bath 

containing the electrolyte com.positions of the present invention is not critical 

Longer times typically result in thicker deposits while shorter times typically 

result in thinner deposits, for a given temperature and current density. 
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Thus, the length of time a substrate remains in a plating bath may be used to 

control the thickness of the resUlting alloy deposit. 

The electrolyte c::o:mpositions of the present invention may be used to 

deposit tin-copper alloys containing 0.01 to 20 wt% coppex- and 80 to 99.99 

wt% tin, based on the weight of the allay, as measured by either atomic 

adsorption spectroscopy (".AAS•) or ~ductively coupled plasma ("ICP"). It is 

preferred that the tin-<:opper alloy be the eut.ectic mixture, Le. 99.3% tin and 

0. 7% copper. Such tin-copper alloys are substantially free of lead, and 

px-eferably free of lead. 

A further advantage of tlle electrolyte compositions of the present 

invention is that they may be successfally used to deposit tin-copper alloy in 

a high speed electroplating proeess. The term "high speed electroplating'9 

refers to those processes which operate at a current density about 50 ASF or 

greater using the above descn"bed equipment. Typical cur.rent densities are 

in the range of 50 to 2000 ASF or higher, preferably 100 to 1500 ASF, and · 

more preferably 200 to 500 ASF. Typically, such processes also operate above 

a temperature of about 70° F (21 a C). Suitable temperatures include, but are 

not limited to, those in the range of 70° t.o 140a F (21° to 60a C) or higher, 
\ 

preferably greater than s5a F (29° C), and more preferably greater than 95° F 
~··. 

(35° C). 

Such a method for high speed electroplating of tin-<:opper alloys . 

includes the steps of: a) utilizing bigli. speed electroplatnlg equipment 

eOJD.prising an electroplating cell; an overflow reservoir adjacent the cell; 

means for returning solution from the reservoir to the electroplating c::ell; 

means for directing a substrate to be plated from an entry point at one end of 

the cell to an exit at a second ~d of the cell; b) introducing an electrolyte 

.including a basis solution of 5 ~ 100 g/L tin., 0.01 to 10 g/L copper, one or · 

more acidic electrolytes, and optionally one or more additives, wherein the 

basis solution is substantially free of lead; and e) continuously electroplating 
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substrates with tin-copper alloy at a sufficient current density and at a 

sufficient temperature for high speed electroplating as the substrates pass 
.. ,. 

through the electroplating solution. within the cell. 

The returning means D18.Y be any known means, such as tubes, hoses, 

conduits, pumps, drains and the like. The directing means may be any 

known means, such as conveyors, beJts, rollers, robot arms and the like: 

The high speed electroplating process of the present invention may be 

per.formed using any of a variety of high speed electroplating equipment. 

Such high speed electroplating equipment is well known to those skilled in 
~ 

the art, such as, for example, that disclosed in US Pat. No. 3;819,502, herein 
... 

incorporated by reference to the extent it teaches such equipment. 

Another advantage of the electrolyte compositions and electroplating 

methods of the present invention is that tin-copper alloys, particularly 

eutectic tin-copper alloy, xnay be plated at generally the same speed as 

corresponding 100% tin systems. Thus, the compositions and methods of the 

present invention may be used advantageously without any increase in the 

plating time required as compared to all tm plating processes. Another 

advantage of the electrolytes o(the present invention is that they are 100% 

efficient. 

An advant.age of the tin-Copper alloy compositions of the present 

invention is ~at they have a lower melting point combined with good 

mechanical and eleCtri.cal properties ~ well a.S resistance to tin whisker 

formation. 

It will be appreciated by those skilled in the art that one or more other 

additives may be combined with the electrolyte composition· of the present 

invention, such as other alloying materials, reducing agents, wetting agents, 

brightening agents and.the like. Mixtures of additives may also be used in 

the present invention. 
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Suitable other alloying materials that may be used in the present 

invention include, bUt are not limited to: zinc, bismuth, indium or antimony. 

Such other alloying materials may be use~ for example, to slightly modify 
... 

the melting range of the tin-copper alloy. ~ amounts of such other alloying 
• J 

materials are well known to those skilled in the art an~ may be any amount 

that provides the desired pro~es. Such other alloying materials are 
~ 

typically p:resent in an amount of less than 1 %, and preferably less than 

0.5%. Howe"Ver, greater amounts may be used advantageously in the present 

invention. 

Reducing agents may be added to the electrolyte composition of the 

present invention to ~sist in keeping the tin in a soluble, divalent state. 

Suitable reducing agents include1 but are not limited to, hydroquinone and 

hydrox;ylated aromatic compounds1 such as resorcinol, catechol, and the like. 

Suitable wetting agents ere any which yield deposits having good 

solderability, good ina.tte or lustrous finish with satisfactory grain 

x-efinement, are stable in the acidic electroplating bath, electroplate at high 

speeW!, provide little or no foam to the bath during the electroplating process, 

and provide a cloud point of the bath above about 110" F (43° to 44° C). 

Suitable wetting agents inclu~ bu:t are not limited to: relatively low 

molecular weight ethylene oxicJ.~ ("EO•) derivatives of aliphatic alcohols 

containing an alkyl group of up to 7 carbons or ethylene oxide derivatives of 

aromatic alcohols having up to two aromatic rings, which may be fused and 

which. may be substituted with an alkyl group having up to 6 carbons. The 

aliphatic alcohols may be saturated or unsaturated. The aromatic alcohols 

typically have up to 20 carbon atoms prior to derivatization with ethylene 

oxide. Such aliphatic and aromatic alcohols may be :fuJ:ther substitnted, such 

as -with sulfate or sulfonate gri>ups, Suitable wetting agents include, but are 
~· 

not limited to: polystyrenated phenol with 12 moles ofEO, butanol with 5 
. ! 

moles ofEO~ butanol with 16 .~oles ofEO, butanol with 8 moles ofEO, 
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octanol with 12 moles of EO, beta-naphthol with 13 moles ofEO~ bisphenol A 

with 10 moles ofEO, sulfated bisphenol A with SO moles ofEO and bisphencil 

A with 8 moles of 'gQ. Typically, such wetting agents are added in an 

~ount of 0.1 to 15.m.IJL, and~referably 0.5 to 10 ml/L. 

Bright deposits may be ~btained by adding brighteners to the 

electrolyte compositions of the pr~t invention. Such brighteners are well 

known to those skilled in the art. Suitable brighteners include, but are not 

limited to aromatic·3.Idehydes, Such as chlorobenzaldehyde, or derivatives 

thereof, such as benzal acetone. The amounts of such additives are well 

known to those skilled in the art. 
' !~. 

It will be appreciat.ed by"those skilled in the art that other compounds 
l 

may be added to the electrol~1 composiiions of the present invention to 
-~ . 

provide further grain refinemei'.it. Such other compounds may be added to 
the electrolyte comPosition of the present invention to further improve 

deposit appearance:and operating current density range. Such other 

compounds include:i but are not limited to: alkoxylates, such as ~ 

polyethoxylated amines JER'FAMJNE T-403 or T.RrroN RW, or sulfated alkyl 

etho:sylates, such as TRlToN QS,-15, and gelatin or gelatin derivatives. The 

amounts of such other com~ useful in the compositions of the present 

invention are well known to ~se skilled m the art and typically are in the 

J;"ange of 0.1 to 20 :oilJL, preferably 0.5 to 8 m.IJL, and more preferably 1 to 5 

ml.IL. 
. . 

In another embodiment, ·acetaldehyde or glutaraldehyde may be added 

to the compositions of the present invention to increase the b.iP. cmrent 

density of the plating bath. The aniount of acetaldehyde or glutaraldeh.yde 

added is that amount su:fficien1; to raise the useful cur.rent density t.o the 

desired level. Typically, acetaldehyde or glutaraldehyde is used at an 

amotmt of 0.5 to a gl4 ~d preferably 1 to 2 g/L. 

·= 
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Which optional additives, if any, are added to the erectrOlyte 

compasitions of the present mvention depends upon the results and types of 

deposits desired. It will be cle~ to one skilled in the axt which additives and 

in what amounts are needed to~_achieve the desired finished alloy. 

A further advantage of the tin-copper alloys of the present invention is 

that they are easily solderable. Th~, any solder :may be used. Suitable 

solders include, but are not limited to tin-lead solders, tin...copper solders, tin­

silver solders, tin-bismuth solders, and ternary alloys- thereof. It is preferred 

that the solder is lead free. 

The following examples are intended to illustrate further various 

aspects of the present inventi~ but are not intended to limit the scope of the 

invention in any aspect. 

An electrolyte composition was prepared containiDg 15 g/L tin from tin 

sulfate, 0.5 g/L copper from copper sulfate, 100 mI/L sulfuric acid and 2 

mIJL polystyrenated phenol. An electrolyte bath was prepared by combining .. 
the electrolyte composition wi* water to provide the desired volume. A 

.. ~ 

copper alloy lead frame subs~te was plated by placing the substrate in the 
. ~ 

bath and treating the bath with a low current density (10 ASF) at 75° F (24° 
. . 

C) for approximately 20 minutes. After plating, the substrate was removed 
,.· 

and contained a 10 µm thick tin-copper alloy deposit. 

Example2 

The procedure of Example 1 was repeated except that the electrolyte 

composition further in~uded ~bproximately 100 ppm of cblorobenzaldehyde. 
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Example 3 

An electrolyte composition was prepared containing 60 g/L tin as tin ·r 
methane sulfonatet 1.5 glL coppF as copper methane sulfonate, 200 mlJL 

methane sulfonic acid and 2 miiL ethoxylated bisphenol A An electrolyte 

bath was prepared by comb~ the electrolyte composition with wat.er to 

provide the desired volume. An iron:nickel alloy lead frame substrate was 

plated by placing the substrate in the bath and treating the bath with a high 

current density (150 ASF) at 12oa F (49° C) for 1.3 minutes. .After plating, 

the substrate was removed and contained a tin-copper alloy deposit. 

)\ Exitmple4 
·it· 

The pi:ocedure of Example S was repeated except that the electrolyte ,, 
composition further included approx:im.8.tely 100 ppm of chlorobenzaldehyde. 

Example 5 

An electrolyte composition is prepared by combining 15 g/L tin as tin 

methane sulfonic acid, 0.5 g/L ~pper as copper methane sulfonate, 50 g/L 

sodium gluconate, 18 g/L boric -~cid and 0.625 g/L polyethoxylated beta­
naphthol. An electrolyte bath is prepared by combining the electrolyte 

composition with sufficient water to provide the desired volume and the pH is 

aclju.sted to 3,5. A mild steel coupon is plated by placing the coupon in the 

bath and applying a current density of 5 ASF at 72° F {22° C) for 20 minutes. 

After plating, the coupon is removed and a copper-tin alloy is deposited 

thereon. 



Example6 

The procedure of Example 5 is repeated except that the electrolyte 

composition further includes apprmcimately 2.15 g/L of sodium 

cocoamphodipropionate. 
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What is claimed is: 

1. An electrolyte compo!ri,tion for depositing a tin..copper alloy on a 

substrate, comprising 5 to 100 g/L tin, 0.01 to 10 gfL copper, one or more 

acidic electrolytes and optionally one or more additives, wherein the 

composition is substantially free of lead. 

2. The composition of claim I ·wherein the tin is in the form of a tin 

compound selected from the group comprising tin halides, tin sulfates, tin. 

alkane sulfonate, tin alkanol sulfonate and mixtures thereof. 

8. The composition of claim 1 wherein the copper is ll:;l. the form of a 

copper compound selected from the group comprismg copper halides, copper 

sulfate, copper alkane sulfonai-1, copper alkanol sulfonate and mUtures 

thereof. t 

4 The composition. of claim 1 wherein the acidic electrolyte is selected 

from the group comprising alkane s1llkuc acids, sulfuric acid, sul:famic a~ 
hydrochloric acid, hydrobrom.ic acid and fl.uoroboric acid. 

5 The composition of claim 1 wherein the acidic electrolyte is present 

in an amount of 10 to 400 mLIL. 
I 

6 The composition of c1apn 1 further comprising water. 

7 The composition of cla:im 1 wherein the additives are selected from 

the group comprising alloying materials, reducing agents, wetting agents, 

brightening agents and mix.t-ares thei-eof. 

8 A method for depositing a tin-copper alloy on a substrate including 

the steps _of contacting the substrate with the electrolyte composition of claim 

1 and passing a current through the electrolyte to deposit the tin-copper alloy 

on the sUbstrate, wherein the alloy is substantially free of lead. 

9. The method of claim~ wherein the current used has a current 

density in the range of 1 to 2000 ASF. 
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10. The method of claim 8 wherein the substl'ate is selected from the 

group compr.isiog copper, copper alloys, nickel, ni.Ck.el alloys, nickel"U:on 

containing materials, electronic components, and plastics. 

11. The method of claim. ·to wherein the electronic components are 

selected. from the group comp~ lead frames, semiconductor packages,, 
4 

components" connectors, contacts, cb.ip capacitors, chip resistors, printed 

wiring boards. 

12. A substrate having a tin-copper alloy deposited thereon according 

to the method of claim 8. 

13. A substrate comprlsjng an alloy comprising 0.01 to 20 wt% copper 
~ 

and 80 to 99.99 wt% tin, wher~ the alloy is substantially free oflead. 
· .. 

14. A method for high speed electroplating of tin.-copper alloys 

comprising the steps o:f a) utili-~ng high speed elech'oplatmg equipment 

comprising ~ electroplating cell; an overflow resexvoir adjacent the cell; 

means for returning solution from. the :reservoir to the ~ectroplating cell; 

means for directing a substrate to be plated from an entry point at one end of 
. . 

the cell to an mt at a second end of the cell; b) introducing an electrolyte 

composition comprising a basi~. solution of 5 to 100 gfL tin7 0.01 to 10 gfl 

copper, one or more acidic elec$.:alytes, and optionally one or more additives, 
.:.~ .. 

wherein the basis solution is Sl!hstantially free of lead; and c) continuously 
,?( 

electroplating substrates with ¥it-copper alloy at a sufficient current density 

and at a suffi.~ent temperature for high speed electroplating as the 

substrates pass through the electroplating solution within the cell 

15. A method for depositing a tin-copper alloy including the steps of a) 

contac"ting a printed wiring board with an electrolyte composition comprising 

5to100 g/L~ 0.01to10 g/Lcopper,. one or more acidic eleetrolytes and 

optionally one or more additi~, wherein the electrolyte composition is 
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substantially free of lead and b) passing a cmrent through the electrolyt.e to 

deposit the tin-copper alloy on the printed wiring board. 

16. The method of claim 15 wherein the tin is in the form of a tin . . 

compound selected ftom the group comprising tin halides:r tin. sulfates, tin 

alkane sulfonate, tin· albnol sulfonate and mixtures thereof. 

17. The methOd of claim 15 wherein the copper is in the form of a 

copper coin.pound selected from the group comprising copper halides, copper 

sulfate, copper alkane sulfonate, copper alkanol sulfonate and mixtures 

thereof. 

18. The method of claim 15 wh~ the acidic electrolyte is select.ed 

from the group comprising alkane sulfonic acids, sulfmic acid, hydrochloric 

aci~ hydrobromic ~and ttu.J'oboric acid. . 
J 

19. The method of claim. :15 whereln. the acidic electrolyte is present in 
' 

an a.mount of 10 to 400 mIJL. 

20. The method of cla:im 15 wherein the additives are selected from 

the group comprising alloying ~terials~ reducing agents. wetting agents, 

brightening a.gents and~ thereot: 

21. A printed wiring board comprising a tin-copper alloy deposited 

thereon, wherein the alloy is sJ.>stantially ftee of lead. . ~ 

--r 

22. An apparatus cOlll.~ the printed wiring board of claim 21. 


