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TIN COATING OF COPPER SURFACES BY 

REPLACEMENT PLATING 
Lucia H. Shipley, Newton, Mass, assignor to Shipley 
Company, Inc., Wellesley, Mass, a corporation of 
Massachusetts 

Filed Jan. 23, 1964, Ser. No. 339,793 
16 Claims. (Ci. 106-—1) 

This invention relates to improvements in the plating 
of tin on copper, copper alloys, and other metals by 
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chemical replacement, and is a continuation-in-part of ' 
application Ser. No. 116,673, now abandoned. 

Immersion plating solutions for providing a coating of 
tin over copper and the like comprising a tin salt, thi 
ourea and an acid have been heretofore known, and are 
disclosed, for example, in U.S. Patents 2,282,51l,2,369, 
620, and 2,891,871. While these solutions and methods 
are operative, the resulting tin coatings are not as pure, 
bright, dense, nor as resistant to etchants as is sometimes 
desirable. Furthermore the thickness of the coating of 
tin which can be applied therewith is limited by the fact 
that extended deposition produces a coating of poor 
quality. 

It is the principal object of the present invention ‘to 
provide improved tin deposition methods and solutions 
which are more stable, which produces a better quality 
coating, and which permit deposition to be continued for 
a longer period of time than heretofore possible. Fur 
ther objects include the provision of brighter, denser, and 
more uniform coatings of tin which are more resistant 
to etchants than coating heretofore obtainable. 

In ‘accordance with the present invetnion it has been 
discovered that tin deposition solutions of the above type, 
namely those of the type containing acid, thiourea or 
equivalent, and a solubletin salt, are much improved by 
the inclusion therein of hypophosphite ion. This ion can 
be obtained by dissolving in the solution hypophospho— 
rous acid or the alkali metal salts thereof, preferably so 
dium hypophosphite. The amount of this ingredient is 
not critical, even small amounts providing some improve 
ment, and large amounts being tolerable. Preferred 
amounts are those equivalent to sodium hypophosphite 
between about 3 to 400 grams per liter, and most pref 
erably 10 to 100 grams per liter. In these solutions, it 
is known that the tin salt is the source of tin, thiourea is 
a complexing agent, and the acid provides the desired pH. 
The hypophosphite ion does not reduce stannous ions 

to metal to form the deposit, the deposit continues to be 
formed by replacement of copper or the like in the sur 
face undergoing plating. However it performs a number 
of other useful functions including maintenance of the 
stability of the plating bath during storage and use, in 
creasing the solubility of the stannous complex in the 
bath, and/or providing a more uniform coating over the 
surface area during plating. It is believed that the ion 
functions to stabilize the bath as an anti-oxidant to pre 
vent or limit the formation of stannic ion which has been 
found to be harmful. 

It is also preferred that an organic acid, for example, 
acetic 'acid, citric acid, malic acid, maleic acid, gluco 
heptonic acid, hydroxyacetic acid, or glucono-delta-lac- 7 
tone, be included inthe composition. This acid is not es 
sential nor is its amount critical. While either a mineral 
acid or an'organic can be used alone, a mixture of the 
two is preferred. The pH is preferred not greater than 
about 2.0 and most preferably not greater than about 1.0. 
All acids, whether organic or mineral, should be non 
‘oxidizing in the bath. A small amount of a suitable 
wetting agent is also preferred in the composition, for ex 
ample, octylphenoxyethanol, but is not essential. 
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Compositions according to the invention are illustrated 
by the following examples, Example 1 being currently 
most preferred. 

EXAMPLE 1 

SnCl2 (anhydrous) g. ______________________ __._ 20 
Thionrea, g. ________________________________ __ 75 

HCl (conc.), ml. ____________________________ __ 50 

NaHZPOZ-HZO, ___________________________ __ 

Wetting agent, g. ____________________________ __ 1 

Water to make 1 liter. - 

The present solutions can be operated at any tempera 
ture at which the tin complex remains soluble, which 
may be from about room temperature up to approxi 
mately the boiling point of the solution. For the above 
Example 1, the preferred temperature range is from about 
150° F. to about 180° F. For low temperature opera 
tion, it is preferred to substitute‘ sulphuric acid for the 
hydrochloric‘ and to dilute the solution somewhat, for ex 
ample by about half, to improve the solubility of the tin. 
If desired, the concentration can also be substantially in 
creased, for example three fold, although at the higher 
concentrations it may be necessary to elevate the tem 
per'ature to keep the tin in solution. 

While the above materials and concentrations are ‘pre 
ferred, the concentrations are not critical and equivalent 
materials'can be employed. The tin salt, thiourea or its 
equivalents, hypophosphite ion, and sufficient non-oxi 
dizing acid to provide a suitable pH are required. 

' While stannous chloride is the preferred source of stan 
nous ions, other known acid soluble stannous salts can 
be employed, 1for example stannous sulphate and stannous 
?uoroborate. The thiourea forms a tin complex, two 
mols of thiourea per mol of stannous ion, andit is pre 
ferred to use excess thiourea as illustrated in the above 
example and cited patents. Derivatives of thiourea can 
‘be substituted therefor as disclosed in US. Patent No. 
2,891,871. Other known equivalents for the above ma 
terials are disclosed in the art, for example, in'the above 
three cited prior art patents. ‘ ‘ 

While the amount of stannous ion present in the solu 
tions is not critical, small amounts providing some dep 
osition, substantial amounts are preferable to increase 
the speed of deposition, about 20 to 60 grams stannous 
chloride per liter being the most preferred. If desired, 
the concentration can be 2.0 mols per liter or even sat 
uration at the use temperature. The use of hypophos 
phite ion as disclosed herein substantially increases the 
amount of stannous ion that can be usefully incorporated 
in the solution. 
To effect a tin coating, it is merely necessary to treat a 

clean copper surface with the above bath, preferably by 
immersion. The surface can be treated for su?icient time 
to build up the desired thickness. This time of treatment 
can substantially exceed the 15 to 30 minutes maximum 
possible with prior art solutions. Typical thicknesses pro 
vided over copper surfaces with the solution of the above 
Example 1 are illustrated below in Table I, the thicknesses 
being in millionths of an inch: 

Table I 

5 minutes _________________________________ __ 53 

10 minutes ________________________________ __ 95 

30 minutes ________________________________ __ 132 

60 minutes ___; ____________________________ __ 189 

Further examples are given below in Table II of solu 
tions best operating at ditferent temperatures and wherein 
the hypophosphite ion serves to substantially increase the 
amount of stannous ion present. 
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Table II 

2 3 4 5 

Ingredient: 
SnQl; (anhydrous), g ___________ __ 20 40 40 150 
Tlnourea, g _______________ __ _ 75 150 150 250 
H01 (cone), ml__ 80 90 _______________ __ 
H1804 (96%), ml- _____________ ._ 40 45 
NaHzPOiHaO, g. 90 120 120 20.) 
Wetting Agent, g. 1 ' l 1 1 
Water, to make, liters__- ._ 1 1 1 ' 1 
Operating Temperature, ‘’ Fun. (1) (3) (1) (3) 

\ 100° F. or above. 
2 140° F. or above. 
3 175° F. or above. 

The drawing illustrates the increase of stannous com 
plex solubility obtained by'use of vhypophosphite ion. In 
the drawing, the crystallization temperature, observed 
without agitation, is plotted as ordinate against the con 
centration of hypophosphite ionin plating baths having 
constant stannous chloride, thiourea, and acid concentra 

‘tions. These ingredients were present as follows: 

Curve “A” Curve "B" 

SnCh (anhydrous), g ________ ._ 24 12 
HCl (c0110.), ml ____ -_ _ 50 5O _ 

'l‘hiourea, g ________ _. 90 45 
Hypophosphite, mols _ ' 0 to .77 0 to .77 
Water, to make, ml __________ W 600 600 

The hypophosphite ion was added as a solution obtained 
by adding to a 50% by volume aqueous solution of hypo 
phosphorous acid, NaHzPOzl-IzO in an amount equal, in 
grams to the volume in ml. of the 50% acid solution. 
The solutions were prepared hot, at about 180". .F. and 
allowed to cool slowly and the temperature at which 
crystallization ?rst appeared wasrecorded. 

While the above solution may be prepared and stored 
as set forth in the above example, it is more practical'for 
storage and shipment, to mix the dry ingredients, for ex 
ample, the stannous chloride, thiourea, sodium hypophos 
phite, and the wetting agent of Example 1, and then to 
dissolve them in the water and acid just prior to‘use. 
Since hypophosphorous acid is va liquid, its alkali metal 
‘salts are preferably used in the dry composition. 

In addition to providing tin coatings on copper, and its 
alloys such as bronze and brass, the invention has also 
successfully provided a tin coating on gold and lead or 
their alloys, and should provide a useful tin coating over 
any metal displaceable with tin from a thiourea type 
complex. - ‘ 

It should be understood that the foregoing description 
is for the purpose of illustration only and that the inven 
tion includes all equivalents and- modi?cations falling 
within the scope of the appended claims. 

I claim: - ' . > 

1. In the method in which a cupreous surface is coated 
by replacement with tin comprising treatment with an 
aqueous acid solution containing thiourea and an acid 
soluble stannous salt and having a pH not substantially 
greater than 2.0, the improvement comprising adding 
thereto a material selected from the group consisting of 
hypophosphorous acid and the alkali metal salts thereof. 

2. The method according to claim 1 wherein said solu 
tion also contains a non-oxidizing organic acid. 

3. The method according to claim 1 wherein said solu 
tion contains hypophosphite ion in an amount equivalent 
‘to about 3 to 400 grams sodium hypophosphite per liter. 

4. The method of forming an adherent tin coating on a 
'cupreous surface, said method comprising as steps treating 
said surface with an aqueous tin solution for a time su?i 
cient to deposit the desired coating thereon, and thereafter 
removing said surface from the solution, said solution 
containing a non-oxidizing acid su?i-cient to provide a'pH 
not greater than about 2.0, a dissolved stannous tin salt ‘in 
an amount su?‘icient to provide a useful ltin deposit but not 
substantially exceeding about 2.0 mole per liter, at least 
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2 mols of thiourea per mol of stannous ion, and a material 
selected from the group consisting of hypophosphorous 
acid and the alkali metal salts thereof. 

5. The method according to claim 4 wherein said solu 
tion contains hypophosphite, ion equivalent to from about 
3 to 400 grams sodium hypophosphite per liter. 

6. A solid composition adapted for mixing with acidi 
?ed water to effect replacement plating of tin over copper 
and copper-base alloys, said composition consisting essen 
tially of an acid-soluble stannous salt in ‘an amount 
adapted on dissolution to provide a useful tin deposit 
but not substantially exceeding about 2.0 mols per liter of 
solution having a pH not exceedingabout 2.0, at ‘least 2 
mols- of thiourea per mol of stannous ion and- an alkali 
metal salt of hypophosphorous acid in an amount-equiva 
lent to about 3 to 400 grams sodium hypophosphite" per 
liter. ~ ' ' 

7. A composition according to claim 6 wherein said 
composition also contains a non-oxidizing organic acid.‘ 

~ 8. An aqueous solution for immersion coating'of tin 
by replacement, ‘said solution consisting essentially of a 
non-oxidizing acid su?icient toprovide a pH not exceeding 
about 2.0, an acid-soluble stannous salt in an amount suf 
?cient to provide a useful tin deposit butv not'substantially 
exceeding about 2.0 mols per liter, at least 2 mols thiourea 
per mol of stannous ion, and a material selected from the 
group consisting of hypophosphorous acid and its alkali 
metal salts. ‘ i ' ' - 

' 9. The solution according to claim 8 wherein said solu 
tion ‘contains a non-oxidizing mineral acid and a non 
oxidi'zing organic acid. ‘ ‘ ‘ > 

10. The solution according to claim 9 wherein said stan~ 
nous salt is stannous chloride, and said material is sodium 
hypophosphite. ' ' ' - 

11. The solution according to claim 8 wherein said 
material is present in an amount equivalent to‘ from about 
3 to about 400 grams sodium hypophosphite perliter.v 

12. In the method in which a cuipreous'surface is coated 
with tin by treatment with an aqueous acid solution con 
taining thiourea and an acid soluble stannous salt and 
having a pH not substantially greater than 2.0, the im 
provement comprising stabilizing the solution by adding 
thereto ‘a material selected from the group'consistingof 
hypophosphorous acid and the alkali metal salts thereof. 
‘ 13. The method of forming an adherent tin coating on 
a cupreous surface, said method’ comprising as steps treat 

7 ing said surface with an aqueous tin solution for a time 
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su?i‘cient to deposit the ‘desired coating thereon, and 
thereafter removing said ‘surface from the solution, said 
solution containing a non-oxidizing acid‘ su?ic'ient to pro 
vide a pH not greater than about 2.0, a dissolved stannous 
tin salt in an amount suf?cient to ‘provide a useful tin 
deposit but not substantially exceeding about 2.0, mols per 
liter, at least 2 mols of thiourea per mol of stannous ion, 
and, as stabilizer, a material selected from the group con 
sisting of ‘hypophosphorous acid and the alkali metal salts 
thereof. , ~ 

14. A solid composition adapted for mixing with acidi 
?ed Water to effect replacement platih'g'of tin over copper 
and oopper~base alloys, said composition consistingessen 
tially’ of an acid soluble stannous salt in an amount 
adapted on dissolution to provide a useful‘tin deposit but 
not substantially exceeding about 2.0 mols per liter of 
solution having a ‘pH not exceeding about 2.0, at least 2 
mols of thiourea per mol of stannous ion and, as sta 
bilizer, an alkali metal salt of hypophosphorous acid. 

15. An aqueous solution for immersion‘coating of tin 
by displacement, said solution consisting essentially of a 
non-oxidizing acid‘ sufficient to provide a pH not exceeding 
about 2.0, an acid-soluble stannous salt in an amount 
su?‘icient to provide a useful tin deposit but not substan 
tially exceeding about 2.0 mols per liter, at least 2 mols 
thiourea per mol of stannous ion, and, as stabilizer, a ma 
terial selected from the group consisting of hypophospho 
rous acid and its alkali metal salts. 
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16. The solution according to claim 15 wherein said 
stabilizer is present in van amount equivalent to from 
about 3 to about 400 grams sodium hypophosphite per 
liter. 1 
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