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ABSTRACT OF THE DESCLOSURE 

Electroless deposition of cobalt from an aqueous alka 
line bath on a palladium activated substrate. Bath con 
tains hypophosphite as reducing agent, linear polyphos 
phate anion and ammonium hydroxide as complexing 
agents and small controlled amounts of nickel ion. Cobalt 
will also deposit without nickel ions being in bath by 
providing nickel strike on substrate. 

This application is a continuation-in-part of applica 
tion Ser. No. 872,750 filed Oct. 30, 1969 and now 
abandoned. 

BACKGROUND OF THE INVENTION 

It has been well known that a number of metals may be 
deposited autocatalytically on various substrates, includ 
ing some which are non-metallic, from a plating bath, 
without the use of an electric current. This type of process 
has become known as "electroless deposition.' Some sub 
strates require pre-treatment as with a catalyst, Such as 
a palladium salt, prior to deposition of the metal. Other 
substrates themselves exert sufficient catalytic action with 
out further preparatory treatment. 

Cobait is one of the metals which has been deposited 
by electroless techniques. One type of bath which has 
been used for electroless deposition of cobalt contains 
(a) a salt that furnishes cobalt ions, (b) a complexing 
agent for cobalt ions to prevent formation of undesired 
precipitates, (c) ammonium hydroxide which provides 
hydroxyl ions to maintain an alkaline pH and also aids 
in complexing the cobalt ions, and (d) a hypophosphite 
which serves as a reducing agent for the cobalt com 
pounds. Other reducing agents such as amine boranes 
have also been tried in these baths. 

Most of the baths that have previously been reported 
for electroless deposition of cobalt have operated at 
elevated temperatures (about 50° C.). At these tempera 
tures it is difficult to maintain good control of the tem 
perature and of the composition of the deposit. 
Thin metallic films of cobalt or of cobalt-phosphorus 

alloys are of interest because of their magnetic properties. 
Some of the applications, such as high density recording 
systems in which these films may be used, require uni 
formity of magnetic properties. Cobalt films deposited by 
previously-known methods are not always satisfactory for 
such applications. 

In comparison with films of other magnetic materials, 
such as nickel, cobalt deposits are harder and are more 
readily passivated. 
EESCRIPTION OF PREFERRED EMBODIMENT 

in the baths of the present invention, complexing agents 
including linear polyphosphate anions contribute to ob 
taining improved cobalt films. A linear polyphosphate 
is a salt in which the phosphate anion has the formula 
(PO3) (nt). An example of a preferred deposition 
bath is as follows. 
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Example I 

NaAPO.10H2O -------------------------g./1-- 70 
CoSO47H2O ----------------------------g/l. 50 
NH4OH conc. (approx. 58%) --------'a was - wecc./l. 7.5 
(CH)NHBH - - - - - - - - - - - - - - - - - - - - - - - - -g/l.-- 15 

In the above bath composition the amount of dimeth 
ylamine borane is based on room temperature operation. 
if the temperature is raised, the amount of borane can be 
decreased. Also, methylamine borane can be used as the 
reducing agent, and, since this substance is a stronger 
reducing agent than the corresponding dimethyl com 
pound, smaller amounts are required. In general, the re 
ducing agent in this example may be a substituted amine 
borane where the side chain is of low molecular weight 
such as methyl or ethyl. Other specific examples are 
monoethyl- and diethylamine borane. Tertiary butyl 
amine borane may also be used. 
The preferred composition of Example I may be varied 

as follows: 

CoSO4.7H2O ------------------------ g/l.-- 7.6-50 
Na4P2O7.10H2O ----------------------g./1. 20-140 
NH4OH (approx. 58%) -------------- cc./1 2.3-30 
(CH3)2NHBH3 ----------------------g./- 0.23-5 
These baths operate at room temperature or above 

and yield cobalt-boron deposits on a wide variety of metals 
autocatalytically, including palladium-activated substrates. 
It has been found that cobalt-boron deposits of the present 
invention are self-initiating on substrates made of chro 
mium, aluminum, molybdenum, tungsten, silver, copper 
and gold or any combination thereof. 

Cobalt-boron deposits made with the baths of the pres 
ent invention are also suitable for printed circuits and 
other similar applications. A pattern of the cobalt-boron 
is deposited on an activated, insulating substrate and a 
layer of copper or nickel is then deposited electrolytically 
on the cobalt-boron film. 
Sodium hypophosphite may also be used as the reducing 

agent in the bath of the present invention. A preferred 
example using this type of reducing agent is as follows: 

Example II 
Na4P2O7.10H2O ------------------------- g/l.-- 70 
CoSO47H2O ----------------------------g./ll- 50 
NH4OH conc. (approx. 58%) -------------cc./l-- 7.5 
NahaPO2H2O ---------------------------g/l-- 26 

This bath, like that of Example I, may be used at 
room temperature, although it has a slower plating rate. 
The plating rate may be increased by raising the tem 
perature. The cobalt deposits as a cobalt-phosphorus alloy. 

It has been found in accordance with the present inven 
tion that cobalt-phosphorus baths of the present system 
which includes a polyphosphate complexing agent, will not 
deposit spontaneously on insulating substrates (or other 
non-catalytic Surfaces) even after these surfaces have been 
Sensitized and activated in conventional manner with 
palladium. It has now been unexpectedly found, however, 
that if even Small controlled amounts of nickel ion are 
present in the baths, the cobalt-phosphorus baths with 
polyphosphate complexing agent will deposit metal spon 
taneously on palladium-activated substrates. The cobalt 
phosphorus will also deposit if a thin strike of nickel is 
first deposited on the substrate. By “thin strike' is meant 
at least about 500 A. This is unexpected since, without 
nickel being present, the baths will not deposit on palladi 
um which is a stronger catalyst than nickel. 
The following is an example of carrying out this feature 

of the present invention. A glass surface is carefully 
cleaned, then sensitized by dipping in an aqueous sensitiz 
ing solution containing about 30 gms. of SnCl2:2H2O and 
40 cc. concentrated hydrochloric acid per liter. After 
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thorough rinsing, the sensitized surface is activated by 
treating with an aqueous solution containing 1 gm. per 
liter of palladium chloride and 1 cc. per liter of concen 
trated hydrochloric acid. The sensitized and activated sub 
strate is then utilized to deposit cobalt-phosphorus alloy 
as described below. 
To test the effect of nickel on initiating cobalt deposi 

tion, bath were made up to be used at 20° C. and 40° C. 
as set forth below. The source of cobalt was CoSO 7H2O 
but it may be any soluble cobalt salt. Therefore, the cobalt 
is expressed in terms of Cott. 

For use at For use at 
20° C. 40° C. 

Co, gil------------------ 6 6 
NaPOIOEO, gill.------ 90 90 
NaH2PO2H2O, gil-------- 25 25 
NH4OH (58%), cc.f.------- 30 105 

Using the above compositions, controlled additions of 
of NiSO 6HO were made with the following results. In 
the tables the nickel concentration is expressed as Nit 
since the nickel could be supplied by any soluble nickel 
salt. 

TABLE 
Results at 20° C. on Palladium-activated Substrate 

Approximate 
time to initi- o 

Concentration of added nickel as Nitt ate plating Uniformity 
in gll. (minutes) of plating 

None (1) 
0.223 13 Poor. 
0,446 3 Do. 
0.892 4. Acceptable. 

34 2 Good. 
78 2 Do. 

2.23 1.5 Do. 

1. No indication. 

TABLE II 
Results at 40° C. on Paladium-activated Substrate 

Approximate 
time to initi 

Concentration of added nickel as Nitt ate plating Uniformity 
in g-fl. (minutes) of plating 

1----------------------------- None >10 Wery poor. 
2--------------- 2X102 Poor. 
3--- 2.76X10-2 3 Do. 
4.-- - 5.52X10 0. 5 Good. 

2X10-2 0.5 Do. 

In order to further test the effects on self-initiation of a 
cobalt-phosphorus bath containing much smaller amounts 
of cobalt, the following bath was prepared. 
Co' ----------------------------------g/l-- 1.6 
NaPO 10HO - as - - - - - - - as a wa era (a s m aa as a smg/l.-- 25.0 

NaH2PO2H2O -------------------------- g/l.-- 20.0 
NH4OH (58%) ------------------------cc./l.-- 8 
This bath was tested by adding varying amounts of 
NiSO46H.O. 

TABLE III 
Results at 40° C. on Paladium-activated Substrate 

Approximate 
time to initi 

Concentration of added nickel as Nitt ate plating Uniformity 
in gli. (minutes) of plating 

l--- 0 (1) 
0.01. 8.0 Poor 
0.0275 2.5 Good. 
0.055 2.5 Do. 
0, 10 2.5 Do. 
0.22 2.5 Do. 

No plating after 10 minutes. 

The various ingredients of these baths other than the 
nickel salt can be varied within the limits indicated in 
the previous examples in which no nickel compound was 
present. As the temperature of the bath rises, the amount 
of nickel needed to initiate good cobalt-phosphorus deposi 
tion decreases. However, even at room temperature, 
deposition can readily be initiated when the cobalt salt 
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4. 
concentration is relatively low, for example, like that of 
Table III above. 
The cobalt can be obtained from soluble salts other 

than the sulfate and can be used in any amount up to 
Saturation. As the cobalt concentration increases, the 
amount of nickel needed to initiate deposition decreases. 
The composition of Example II may be varied as 

follows: 

CoSO47H2O ------------------------ g./-- 7.6-50 
Na4P2O710H2O ---------------------- g/l.-- 20-140 
NH4OH (approx. 58%) --------------cc./I-- 2.3-30 
NaH2PO2H2O ----------------------- g./l-- 5-50 
Sodium pyrophosphate is only one example of a com 

pound containing a polyphosphate ion that can be used 
in the baths of the present invention. Another example is 
a tripolyphosphate (PO)5. 

Other metals such as nickel, iron, molybdenum and 
tungsten can be co-deposited with cobalt using the baths 
of the present invention, by incorporating ions such as 
Nii-2, Fe+2, MoC-2, and WO-2. 
Although ammonium hydroxide has been given as an 

example of an agent which both aids in maintaining an 
alkaline pH and serves as a complexing agent, amines such 
as ethylene diamine can be substituted for the ammonium 
hydroxide. 

I claim: 
... An aqueous plating bath for the electroless deposi 

tion of cobalt-phosphorus alloy comprising: 
Co" ------------------------------ g./l-- 1.6-10 
Na4P2O7' 10H2O --------------------- g./I-- 20-140 
NH4OH (58%) --------------------- cc./ 2.3-105 
NaH2PO2H2O ---------------------- g./I-- 5-50 
Ni ---------------------------- g./I.-- 0.055-2.23 

2. A method of depositing a cobalt-phosphorus alloy 
on a non-catalytic substrate comprising sensitizing said 
Substrate and activating said substrate with palladium and 
then treating said activated substrate with a solution at 
about 20° C. comprising: 
Co' ------------------------------- g./l.- 1.6-10 
NaPO" 10HO a- - - a -n a was a as we m ms - we . . . .g/l.-- 20-140 

NH4OH (58%) --------------------- cc./-- 2.3-30 
NaH2PO2H2O ----------------------- g./1-- 5-50 
Ni" ---------------------- g./I-- 0.892-about 2.23 

3. A method of depositing a cobalt-phosphorus alloy on 
a non-catalytic substrate comprising sensitizing said sub 
strate and activating said substrate with palladium and 
then treating said activated substrate with a solution com 
about 40 C. comprising: 
Co' -------------------------------g/l.-- 1.6-10 
Na4PO7' 10H2O ---------------------- g./1 - 20-140 
NH4OH (58%) --------------------- cc./1 - 2.3-30 
NaH2PO2H2O ----------------------- g/l.-- 5-50 
Ni------------------------ g./1-- 

About 0.055-about 0.22 

4. A method of depositing a cobalt-phosphorus alloy 
on a non-catalytic substrate comprising sensitizing said 
Substrate and activating said substrate with palladium and 
then treating said activated substrate with a solution com 
prising: 

Co' ------------------------------ g./l-- 1.6-10 
Na4P2On 10H2O --------------------- g./l-- 20-140 
NH4OH (58%) -------------------- cc./I-- 2.3-105 
NaH2PO2H2O ---------------------- g./1 - 5-50 
Ni" --------------------- g/c--0.0275 to about 2.23 

5. A method of depositing a cobalt-phosphorus alloy on 
a non-catalytic substrate comprising sensitizing said sub 
Strate and activating said substrate with palladium, depos 
iting a thin Strike of nickel having a thickness of at least 
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about 500 A. on said substrate, and then treating said sub 
strate with a solution comprising: 
Co' ------------------------------- g/l. 1.6-10 
Na4PO 10H2O --------------------- g/l.-- 20-140 
NH4OH (58%) ---------------------cc./l. 2.3-105 
NaH2PO-H2O - - rs is m - - - -ma - - - a - - - m at a mg/l.-- 5-50 
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