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The present invention relates to electroless deposition 
of metal and, more particularly, to electroless deposition 
of palladium on metallic substrates. 

It is well known that copper and copper-rich alloys have 
considerable utility in the communications field. In pro 
ducing connectors, circuit components and other devices 
useful in the electronic communications art from copper 
and copper-rich alloys, it is often desirable to plate or 
coat such alloys with palladium in order to minimize cor 
rosion and to provide low noise-level and low resistance 
contacts. While electrolytic and non-electrolytic methods 
of depositing palladium are known, such methods are not 
particularly well adapted for use in the production of 
many electronic components. Thus, for the production 
of components having deep cavities, for example, con 
nectors, or the production of components having elec 
trically isolated islands of metal, for example, printed cir» 
cuits, electrolytic methods of palladium deposition are not 
practical. Electroless methods of palladium deposition 
known heretofore have not been successful in producing 
relatively thick, continuous coatings of palladium directly 
on copper and copper-rich alloys. In at least one prior 
known electroless bath for depositing palladium, copper 
acts as a poison to halt the catalytic and autocatalytic 
deposition of the palladium. I Although attempts were 
made to overcome the foregoing di?‘iculties and other dis 
advantages, none, as far as I am aware, Was entirely suc 
cessful when carried into practice commercially on an 
industrial scale. 

It has now been discovered that by means of a novel 
autocatalytic process, relatively thick, continuous deposits 
of palladium can be produced on copper and copper-rich 
alloy substrates. 

It is an object of the present invention to provide a 
novel autocatalytic process for the electroless deposition 
of palladium. 
Another object of the invention is to provide a novel 

autocatalytic process for the electroless deposition of pal 
ladium on copper-rich metallic substrates. 
The invention also contemplates providing a novel proc 

ess for producing metallic electronic components having 
a copper-rich base and a surface of palladium metal. 

It is a further object of the invention to provide a novel 
bath for the electroless deposition of palladium. 

Other objects and advantages will become apparent 
from the following description. 

Generally speaking, the present invention contemplates 
a process for the electroless deposition of palladium which 
comprises establishing an aqueous bath containing about 
100 to about 350 grams per liter (g.p.l.) of ammonia sub 
stantially as ammonium hydroxide, up to about 80 g.p.l. 
of ethylenediaminetetraacetic acid (E.D.T.A.), about 0.04 
to about 0.50 g.p.l. of unsymmetrical dimethylhydrazine 
(U.D.M.H.) and about 1 to about 20 g.p.l. of divalent pal 
ladium added advantageously as tetramminepalladium 
(II) chloride, immersing or dipping a body having 
a catalytic surface in said aqueous bath while maintaining 
the temperature of said bath at about 68° C. to about 100° 
C. to effect catalytic and autocatalytic deposition of metal 
lic palladium from said bath on said surface while main 
taining the concentration of U.D.M.H. within the afore 
said range. The present invention also contemplates the 
palladium bath which contains water, ammonia, divalent 
palladium and U.D.M.H. as essential ingredients. 
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In carrying the invention into practice, it is advanta 

geous to maintain the composition of the aqueous bath 
within the compositional limits set forth in the table and 
to maintain the temperature of said bath at about 75° C. 

TABLE 

Advanta- Illustrative 
Ingredient geous Rlange, Value, g.p.l. 

g-D- ~ 

NI-Ia _______________________ __ 120-170 13€ 

' 5-10 10 

5-24 7. 9 
0. 05-0. 45 0. 086 
Balance Balance 

* Dissolved in the divalent state. 

Objects to be plated in the bath of the present invention 
and according to the process of the present. invention must 
have a surface of a catalytic metal such as aluminum, 
chromium, cobalt, copper, gold, iron, molybdenum, nickel, 
palladium, platinum, ruthenium, silver, tin, tungsten, and 
alloys rich in cobalt, nickel and/or copper. Of course, 
such objects can be composed of such a catalytic metal. 
The bath and process of the present invention are particu 
larly adapted to be employed in the plating of copper 
and alloys rich in copper, that is, alloys containing more 
than about 60% copper. Alloys rich in copper include 
brass, cupro-nickel, German silver and bronze. 

Objects made of materials such as glass, plastics and 
ceramics which do not catalyze the reduction of palladium 
can be coated with a preliminary deposit of a catalytic 
substance such as nickel, silver, palladium, etc., and thus, 
by this means, it is possible in accordance with the present 
invention to chemically deposit smooth and adherent plates 
of palladium on substantially any object. 
A bath for the chemical deposition of palladium in ac 

cordance with the present invention is advantageously 
made by dissolving tetramminepalladium (_ II) chloride in 
an aqueous solution of ammonium hydroxide to which is 
added E.D.T.A. as the disodium salt. Palladous palla 
dium can also be added to the ammoniacal bath ‘of the 
present invention (that is, an alkaline ‘bath containing am 
monium hydroxide or free ammonia) as palladous chlo 
ride and palladous nitrate. The bath can be employed 
statically or in a dynamic system such as in a rotating 
barrel. When objects are ready to be plated, that is, when 
they have been carefully cleaned in the manner normal to 
electroplating techniques, the deposition bath is brought 
to or maintained at operating temperature and the requisite 
amount of U.D.M.H. is added to the bath. The object 
or objects to be plated are then brought in contact with 
said bath. As plating progresses, periodic additions of 
U.D.M.H. should be made to the bath so that the concen 
tration thereof is maintained within the required limits. 
In general, plating resulting from chemical deposition in 
the bath proceeds at a deposition rate of about 40 to about 
60 microinches per hour. At these plating rates it has 
been found to be advantageous to add about 0.48 gram 
of U.D.M.H. per hour to the bath for each 1000 square 
centimeters (cm?) of area being plated. Addition rates 
as high as about 2 grams of U.D.M.H. per hour per 1000 
cm.2 have been employed. Conveniently, these additions 
can be made in aliquot portions at intervals of about 1%: 
hour or, of course, the addition can be continuous. 
The proportions of ingredients in the aqueous baths of 

the present invention are important in that if divalent 
palladium and U.D.M.H. are present in too large a con 
centration, the baths will tend to decompose spontane 
ously. On the other hand, if too little of these ingredients 
are present, the plating rate will be very slOW. Too little 
amine, e.g., ammonia, also causes low plating rates. 
Amounts of ammonia in excess of about 280 g.p.l. are 
usually not advantageous in that at the operating tempera 
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ture of the bath, control of ammonia concentration be 
comes very' dif?cult. If an attempt is made to operate 
the bath below about 68° C., no deposition will take plate 
or the rate thereof will be very slow. 
For the purpose of giving those skilled in the art a 

better understanding of the'invention, the following illus 
trative examples are given: 

Example I 
An aqueous solution containing 5 g.p.l. of palladous 

palladium, 280 g.p.l. of ammonium hydroxide and 8 g.p.l. 
of the disodium salt of E.D.T.A. was placed in a rotatable 
plating barrel and maintained at a temperature of 75° C. 
Enough U.D.M.H. was added to provide a concentration 
of about 0.086 g.p.l. thereof in the solution. A brass 
object having a surface area of 500 cm.2 was thoroughly 
cleaned and placed in the solution in the barrel. The 
barrel was then rotated and at ?fteen minute intervals, 
about 0.06 gram of U.D.M.H. was added to the solution. 
After one hour, the brass sample exhibited an adherent 
metallic deposit of palladium about 43 microinches thick. 

Example II 

A bronze object having a surface area of about 500 cm.2 
was suspended in :a. U.D.M.H. containing solution as em— 
ployed in Example I. The solution was maintained at 85° 
C. and the concentration of U.D.M.H. was maintained. 
Over a period of time, an adherent deposit of palladium 
metal was obtained on the bronze sample. 

Example 111 

After being suspended for one hour at 90° C. in an 
aqueous solution containing the same amounts of 
U.D.M.H., ammonium hydroxide and the disodium salt 
of E.D.T.A. as employed in Example I but containing 10 
g.p.l. of palladous palladium, a brass object having a sur 
face area of 500 cm.2 was found to have an adherent 
deposit of metallic palladium about 59 microinches thick. 

Example IV 
To an aqueous solution containing 5 g.p.l. of palladous 

palladium, about 280 g.p.l. of ammonium hydroxide and 
about 0.08 g.p.l. of U.D.M.H. in a rotatable barrel, was 
introduced a brass object having a surface area of about 
500 cm.2. The barrel was rotated for about one hour 
while the temperature of the solution was maintained at 
about 83° C. and while the concentration of U.D.M.H. 
was maintained by additions every ?fteen minutes of about 
0.06 gram'of U.D.M.H. After one hour, the object was 
found to have an adherent plate of metallic palladium 
about 45 microinches thick. 

Example V 
Boiling aqueous solutions containing 10 g.p.l. of pal 

ladous palladium, 280 g.p.l. of ammonium hydroxide and 
0.08 g.p.l. of U.D.M.H. were employed to plate copper 
and bronze objects. The objects each had about 500 cm.2 
surface area. After one hour, during which the U.D.M.H. 
concentration was maintained by periodic additions, the 
copper object suspended in the bath exhibited a metallic 
palladium deposit about 60 microinches thick, whereas 
the bronze object, plated in a rotating barrel, exhibited 
a metallic palladium deposit about 52 microinches thick. 
The foregoing examples contrast remarkably with the 

behavior of specimens made of copper or copper-rich 
alloys inserted in hydrazine-containing baths such as dis 
closed in US. Patent No. 2,915,406. In the hydrazine 
containing baths no palladium is deposited directly on 
copper and/ or copper-rich alloys. In addition, under the 
process conditions of the present invention, hydrazine 
causes catastrophic deposition of palladium throughout 
the bath. Thus, hydrazine cannot be used as a substitute 
for U.D.M.H. in the process of the present invention. 
The present invention is particularly applicable to the 

production of electrical and/or electronic components 
made of copper and coated with an adherent bright de 
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4 
posit of palladium. In employing the process and the 
plating bath of the present invention, it is to be noted that 
other ingredients can be employed in the bath. For ex~ 
ample, mole for mole amounts of stabilizing substances 
such as ammonium chloride and ammonium sulfate can 
be employed in place of or in addition to E.D.T.A. Other 
amines such as aminoethyl ethanolamine and/ or amyla~ 
mine can be employed mole for mole in addition to or 
in place of part of the ammonium hydroxide. In addi 
tion, substances for brightening, leveling, etc., can be em 
ployed in the bath. Care must be taken, however, to 
exclude substances such as iodide ion, stannous ion and 
other divalent palladium, precipitants (for example, di 
methylglyoxime, cyanides, thionalide, pyridine, hydroxy 
quinolines, metallic zinc and metallic magnesium) from 
the bath. 

It is to be noted that the present invention is not to be 
confused with processes for electroless deposition of pal 
ladium involving the use of hydrazine. Objects made of 
copper or alloys rich in copper cannot be directly coated 
with palladium from ammoniacal baths containing high 
concentrations of ammonia and containing hydrazine as 
the sole agent for reducing palladium ion to palladium 
metal. Thus, the process of the present invention is par 
ticularly adapted to be employed in the plating of elec 
trical and electronic components made of copper and/or 
copper-rich alloys. 
Although the present invention has been described in 

conjunction with preferred embodiments, it is to be under 
stood that modi?cations and variations may be resorted to 
without departing from the spirit and scope of the inven 
tion, as those skilled in the art will readily understand. 
Such modi?cations and variations are considered to be 
within the purview and scope of the invention and ap 
pended claims. 

I claim: 
1. A bath for the electroless deposition of palladium 

comprising an aqueous solution containing ‘about 1 to 
about 20 grams per liter of divalent palladium, about 0.04 
to about 0.50 gram per liter of unsymmetrical dimethylhy 
drazine, an amine selected from the group consisting of 
ammonia, aminoethyl ethanolamine and amylamine in an 
amount equivalent in molar concentration to about 100 to 
about 350 grams per liter of ammonia and a stabilizing 
agent selected from the group consisting of ammonium 
chloride, ammonium sulfate and ethylenediaminetetra 
acetic acid in an amount equivalent in molar concentra 
tion to up to about 80 grams per liter of ethylenediamine 
tetraacetic acid. 

2. A bath for the electroless deposition of palladium 
comprising an aqueous solution containing about 1 to 20 
grams per liter of divalent palladium, about 0.04 to about 
0.50 gram per liter of unsymmetrical dimethylhydrazine, 
about 100 to about 350 grams per liter of ammonia and 
up to about 80 grams per liter of ethylenediaminetetra 
acetic acid. 

3. A bath for the electroless deposition of palladium 
comprising an- aqueous solution containing about 5 to 
about 10 grams per liter of divalent palladium, about 0.05 
to about 0.45 gram per liter of unsymmetrical dimethyl 
hydrazine, about 120 to about 170 grams per liter of am 
monia and about 5 to about 24 grams per liter of ethyl 
enediaminetetraacetic acid. 

4. A process for the electroless deposition of palladium 
which comprises establishing an aqueous bath containing 
about 1 to about 20 grams per liter of divalent palladium, 
about 0.04 to about 0.50 gram per liter of unsymmetrical 
dimethylhydrazine, an amine selected from the group con 
sisting of ammonia, aminoethyl ethanolamine and amyl 
amine in an amount equivalent in molar concentration to 
about 100 to about 350 grams per liter of ammonia and 
a stabilizing agent selected from the group ‘consisting of 
ammonium chloride, ammonium sulfate and ethylenedi 
aminetetraacetic acid in an amount equivalent in ‘molar 
concentration to up to about 80 grams per liter of ethylene 
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diaminetetraacetic acid and placing a body having a cat 
alytic surface in contact with said aqueous bath while 
maintaining the temperature of said bath at about 68° C. 
to about 100° C. to effect a deposition of metallic pal 
ladium from said bath on said surface and while replen 
ishing said bath with unsymmetrical dimethylhydnazine 
to maintain the concentration thereof within said range of 
about 0.04 to about 0.50 gram per liter. 

5. A process for the electroless deposition of palladium 
which comprises establishing an aqueous bath containing 
about 100 to about 350 grams per liter of ammonia, up to 
amout 80 grams per liter of ethylenediaminete-traacetic 
acid, about 0.04 to about 0.50 gram per liter of unsym 
metrical dimethylhydrazine and about 1 to about 20 
grams per liter of divalent palladium, placing a body hav 
ing a catalytic surface in contact with said aqueous bath 
while maintaining the temperature of said bath at about 
68° C. to about 100° C. to effect a deposition of metal 
lic palladium from said bath on said surface and while re 
plenishing said bath with unsymmetrical dimethylhydra~ 
zine to maintain the concentration thereof within said 
range of about 0.04 to about 0.50 gram per liter. 
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6. A process for the electroless deposition of palladium 

which comprises establishing an aqueous bath containing 
about 120 to about 170 grams per liter of ammonia, 
about 5 to about 24 grams per liter of ethylenediamine 
tetraacetic acid, about 0.05 to about 0.45 gram per liter of 
unsymmetrical dimethylhydrazine and about 5 to about 10 
grams per liter of divalent palladium, placing a body hav 
ing a catalytic surface in contact with said aqueous bath 
While maintaining the temperature of said bath at about 
68° C. to about 100° C. to effect a deposition of metallic 
palladium from said bath on said surface and ‘while re~ 
plenishing said bath with unsymmetrical dimethylhydra 
zine to maintain the concentration thereof within said 
range of about 0.05 to about 0.45 gram per liter. 
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