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Electroless copper plating processes 
have for some time constituted an irre-
placeable part of the industrial printed 
circuit board manufacturing process. 
Without these processes, it is hard to 
see how through-hole or multilayer 
printed circuit boards might be manu-
factured. One main component of elec-
troless copper plating solutions is the autocatalytic reducing agent which converts the copper from 
an ionic to a metallic form. Incorporation of such a reducing agent is essential to the working of the 
process, but brings several drawbacks with it. Many reducing agents have environmentally unde-
sirable aspects and pose health and safety problems. At higher concentrations, they lead to unde-
sirable side-reactions in the bath, apart from which, they can be quite expensive. Some electrolyte 
additives are discussed which enable copper to be deposited on a palladium-activated substrate, 
while allowing lower concentrations of a reducing agent in the bath to be used. Use of such an addi-
tive can bring advantages in terms of economic, environmental, and health aspects.

1 Introduction

Electroless copper plating is widely used for the 
fabrication of printed circuit boards and other 
electronic devices. The manufacture of printed 
circuit boards is an established technology, 
encompassing low cost, high yield whilst main-
taining a high quality deposit. Conventional elec-
troless copper plating solutions contain a copper 
salt for the delivery of the copper ions, one or 
several complexing agents for the copper ions, 
a copper ion reducing agent (usually formalde-
hyde), a pH adjusting agent as well as stabilizers 
and other additives.

In the process of electroless copper deposition, it 
is necessary to activate the surface of a non-con-

ductive dielectric with palladium. The catalytic 
palladium deposit is used to overcome the kinetic 
barrier of electroless copper deposition [1]. The 
electroless copper plating process is initiated on 
the randomly distributed catalyst seeds on the 
substrate. This mechanism facilitates communica-
tion between electrical components and related 
conductors. 

Though electroless copper plating will continue to 
have broad application potential in the future, the 
performances of electroless copper plating solu-
tions still have some negative characteristics. The 
use of reducing agents in the electroless copper 
baths is necessary for achieving an autocatalytic 
plating process. Various common reducing agents 
lead to environmental and healths hazards or are 
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very expensive. In addition, high reducing agent 
concentrations can cause undesirable side reac-
tions in the copper solution. Furthermore, other 
important issues need to be considered such as 
unstable copper baths with narrow temperature 
and pH windows, inefficient deposition rate and 
unsatisfied deposited film properties.

The aim of this study is to reduce the disadvanta-
geous and injurious qualities of the autocatalytic 
reducing agents without affecting the quality of 
the copper deposits. This can be achieved with a 
low reducing agent concentration in the copper 
solution. To compensate for the resulting lack 
of reducing agent, and thus the lack of essential 
electrons for the copper deposition, additives are 
introduced. These additives support the startup 
process on palladium activated base material 
during the copper deposition. 

The additional compounds operate only on the 
palladium and are not developed as a substitute 
for the traditional copper reducing agent. A stan-
dard reducing agent, such as formaldehyde, is still 
a fundamental requirement. This is to say, that an 
irreducible amount of reducing agent is necessary 
for the autocatalytic copper plating process. 

This investigation demonstrates that additives 
can provide a significant benefit in terms of 
cost, health and environmental impact when 
compared to the traditional electroless copper 
process. In that way, a higher concentration of 
the mostly injurious and cost-intensive reducing 
agent can be avoided.

2 Reaction mechanism

Surfaces of epoxy resin substrates are easily 
metalized by the electroless copper plating tech-
nique. First, the base material is cleaned and 
etched to roughen the surface and make it hydro-

philic. Thereby, a sufficient adhesion between 
substrate and metal is achieved. Afterwards the 
surface is activated with certain noble metals and 
brought into contact with an electroless copper 
bath. Then the chemical copper plating process 
initiates spontaneously from the catalytically  
activated surface.

Colloids of palladium/tin chloride or ionic palladium 
solutions are conventionally used as catalysts for  
reduction reactions of cupric ions in the presence 
of reducing agents. 

In this study, an ionic palladium catalyst based on 
palladium sulphate is employed. The catalyst con-
sists of an organic palladium complex [Pd2+L] in an 
alkaline solution. The palladium complex adsorbs 
onto the pre-treated substrate surfaces. For 
reducing the palladium complex to elementary, 
catalytic effective palladium seeds, a reduction 
step with dimethylamineborane ((CH3)2NHBH3) is 
applied. This process involves oxidation-reduction 
reactions:

•  Two semi-reactions (reduction and oxidation): 
[Pd2+L] + 2eˉ → Pd0 + L <1> 
 
(CH3)2NHBH3 + 3H2O → (CH3)2NH + H3BO3 + 
2eˉ + 2H+ + 2H2 <2> 

•  Overall reaction:  
[Pd2+L] + (CH3)2NHBH3 + 3H2O → Pd0 + 
(CH3)2NH + H3BO3 + 2H+ + L + 2H2  <3>

 
Now metallic palladium adheres by adsorption 
on the surface and acts as a catalyst in electro-
less copper plating reactions. Electroless copper 
deposition reactions at palladium-catalyst-ad-
sorbed surfaces consist of two partial reactions. 
At the anodic surface, the reducing agent is oxi-
dized and at the cathodic surface, copper ions are 
reduced to a metallic state:
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•  Oxidation of the autocatalytic reducing agent 
(exp.: formaldehyde): 
HCHO + 3OHˉ → HCOOˉ + 2H2O + 2eˉ  <4> 

• Reduction of cupric ions: 
Cu2+ + 2eˉ → Cu <5> 

  Both reactions occur simultaneously at the 
surface of the palladium catalyst. The emis-
sion of electrons is necessary for the copper 
reduction. Through the oxidation of the 
reducing agent, electrons are delivered and 
used for the autocatalytic copper plating pro-
cess. In order to lower the disadvantageous 
qualities of the reducing agent, the reducing 
agent concentration in the copper solution 
has been reduced to a minimum. Slight con-
centrations of reducing agent cause only few 
electrons. The insufficient amount of electrons 
leads to an inhomogeneous and scant copper 
deposition on the base material. Therefore, 
in order to produce high-quality copper 
coatings with low reducing agent concentra-
tion, additional electrons must be provided. 

The supply of electrons for the electroless copper 
deposition can be increased by the application 
of electrolyte additives, which are able to dis-
charge additional electrons. At the beginning 
of the chemical copper plating process, a suffi-
cient supply of electrons is important for creat-
ing a defect free and uniform copper deposition 
despite the low concentration of the autocatalytic 
reducing agent. A locally inhibited deposition ini-
tialization will lead to a non homogenous deposit 
and thus is difficult to reverse.

For a perfect and defect free startup process of 
the electroless copper deposition on palladi-
um-adsorbed surfaces, additives can be used 
which react with palladium. From the literature 
[6] the following additives were investigated: 

sodium hypophosphite, glycolic acid, sodium for-
mate, and the salts of the citric acid, succinic acid 
and malic acid. Additional electrons are delivered 
by exploitation of the catalytic qualities of palla-
dium. The electrons develop during the oxidation 
reaction of the electrolyte additives on the palla-
dium seeds (exp.: hypophosphite):

 Pd
H2PO2ˉ + 3OHˉ → HPO3

2- + 2H2O + 2eˉ  <6>

The supply of additional electrons can be used 
for the copper reduction. Palladium interferes 
not directly in the plating process, but acts as an 
electron carrier. By use of such additions an accel-
erated copper deposition can be recorded. This is 
to say, the deposition rate is increased.

In the next steps, it should be clarified whether 
the accelerating reaction of the additives takes 
place exclusively on the palladium seeds or also 
on the chemically deposited copper, even if the 
catalytic palladium is covered with copper. Two 
test sequences were carried out:
• Additive without using palladium
• Variable amounts of additive and palladium
The electroless copper solution contains a dimin-
ished reducing agent concentration and, in addi-
tion, different amounts of additive 1 (sodium 
hypophosphite). The first experiment set-up 
consists of a two-electrode configuration with a 
working electrode and counter electrode. Both 
electrodes were immersed into the electroless 
copper solution with defined distance to each 
other (Fig. 1).

The working electrode and counter electrode are 
stainless steel. During a short, external current 
input (t = 1 min, I = 1 A) a thin copper layer is 
deposited onto the working electrode electrolyt-
ically. This allows us to exclude the influence of a 
palladium activated surface. After the initial elec-
trical pre-contact, the electroless autocatalytic 
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copper plating process keeps going on the thin 
copper layer. As previously stated, this method 
allows us to isolate the influence of the electro-
lyte additive in the copper solution and also on 
the deposit copper.

Fig. 1: Cell with two electrodes

The comparison of two copper baths with and 
without addition of sodium hypophosphite 
should show whether the expected accelerating 
effect takes place exclusively on the metallic pal-
ladium or also in the solution or on the plated 
copper (Tab. 1).

Because there is no difference in the copper dep-
osition thickness, with or without the addition 
of the electrolyte additive 1 (sodium hypophos-
phite), the implication is that the impact of addi-
tive 1 is limited to a palladium activated surface. 
Without palladium activation, the additive has no 
influence on the copper plating process.

The second test sequence serves to characterize 
the reaction on the metallic palladium. Investi-
gations were made to check the influence of the 
additive concentration and adsorbed palladium 
amount on the deposition speed. Standard epoxy 
resin material was activated with palladium and 
afterwards immersed into a copper bath. The 
sodium hypophosphite concentration in the elec-

troless copper solution was varied between 0 g/L 
and 16 g/L. Moreover, modifications of the pal-
ladium activation process were carried out. The 
dwell time of the non-conductive material in the 
ionic palladium activator and the activator con-
centration were varied (Tab. 2).

Tab. 1: Comparison of copper layer thickness d with/without 
sodium hypophosphite

Process t without 
NaH2PO2

with 
NaH2PO2

Electrolytic copper  
depostion  
(pre-contact)

1 min d = 0.11 µm d = 0.11 µm

Electroless copper 
depostion

10 min d = 0.35 µm d = 0.35 µm

Tab. 2: Variation of the activation time and concentrations of 
hypophosphite (in the copper bath) and palladium (in the 
activator)

variation
Sodium hypophosphite 0 / 5 / 11 / 16 g/L
Activator concentration 100 / 200 ppm Pd
Activation time 0.5 / 1 / 4 min

The different deposition tests indicate an increase 
in the deposition rate with raised concentration 
of sodium hypophosphite (additive 1) and high 
amount of adsorbed palladium on the surface 
(Fig. 2). This can be explained by increased emis-
sion of additional electrons which can be used for 
copper reduction. The palladium, with its catalytic 
qualities, acts as charge exchanger. It carries the 
electrons delivered from the additive oxidation 
process to the cupric ions to reduce them to 
metallic copper. The amplified supply of electrons 
leads to an enhanced copper reduction. 

The maximum deposition speed is reached with 
a hypophosphite concentration in the electroless  
copper bath of 16 g/L and an activation process 
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with an ionic activator containing 200 ppm Pd. 
The activation dwell time has no remarkable 
influence and can be between 1 and 4 minutes. A 
minimum copper deposition rate is experienced 
when the palladium concentration of the acti-
vator is reduced by 50 % to 100 ppm Pd and no 
additive is used.

Fig. 2: The effect of sodium hypophosphite on the deposition 
rate at different activation conditions

Fig. 3: Comparison of the deposition rate in copper solutions 
with and without hypophosphite

The comparison of the temporal change of the 
deposition rate in an electroless copper solution 
with and without sodium hypophosphite as the 
electrolyte additive shows some clear aspects: 

The maximum of deposition speed in copper solu-
tions with an additive occurs in the initial phase 
of the electroless copper deposition. This peak is 
clearly greater than the deposition speed maxi-
mum in electrolytes without an addition (Fig. 3).

Decreasing the palladium adsorption on the sur-
face causes a shift of the deposition rate max-
imum to smaller values and higher deposition 
times (Fig. 3, comparison between green and 
light blue curve).

The use of sodium hypophosphite in the copper 
bath stimulates a maximum deposition rate within 
30 seconds. Although the maximum deposition 
rate is also achieved without the additive, the lag 
time is over 1 minute and is less dramatic or signif-
icant. The maximum in the curve shape originates 
from the change in copper deposition which first 
takes place at the catalytic active palladium seeds 
and then continues on the chemically deposited 
copper (Fig. 3, violet and deep-blue curve). The 
oxidation of the autocatalytic reducing agent (e. 
g. formaldehyde) is larger on the palladium than 
on the chemically deposited copper. Palladium is 
a better catalyst for the copper reduction than the 
copper itself. Thus the deposition rate decreases 
when all surfaces of the palladium are covered 
with deposited copper metal.

The curve shapes of the electroless copper solu-
tion with and without the sodium hypophosphite 
enhancement become nearly identical after a 
plating time of 90 seconds. After this, hypophos-
phite has no more influence on the electroless 
copper plating process.

In general, it can be assumed that a maximum 
deposition rate is achieved when a maximum acti-
vation and exposure of palladium is present. The 
use of an electrolyte additive (sodium hypophos-
phite) in conjunction with a high, homogenous 
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concentration of palladium seeds on the surface 
can further enhance the deposition performance 
on the related substrate.

The additives could be referred to as startup 
agents because they only react in the initial phase 
of the electroless copper deposition. At the begin-
ning of the chemical plating process palladium 
seeds are active and affect the additive oxidation. 
The raised supply of electrons can subsequently 
induce an accelerated deposition.

3 Electrolyte additives

In order to characterize the reactivity on 
the palladium and to quantify the dif-
ferent electrolyte additives available, a 
quick test method was carried out [5].  
The different additives were added to an aque-
ous palladium sulphate solution with a defined 
amount of palladium ions (1 g/L Pd). For checking 
the reactivity on palladium the colour change of 
the palladium sulphate solution after the addition 
is assessed visually. If the addition of an additive 
leads to color change from orange (source state) 
to black, metallic palladium precipitates (Fig. 4). 
The additive has an oxidizing potential and palla-
dium ions can be reduced to metallic palladium.

If the original colour state of the palladium  
solution remains orange after addition of the 
chemical additive, no reactivity on the palladium 
is given. The palladium ions cannot be reduced by 
the additive and therefore remain in solution.

With addition of sodium hypophosphite, glycolic 
acid or sodium formate a color change of the pal-
ladium sulphate solution from orange to black 
could be detected. This is a visual indication that 
the additive is being oxidized and electrons are 
released. These electrons reduce the palladium 
ions contained in the orange solution. The resul-

tant metallic palladium precipitates as a black 
solid. These additives are a potentially suitable 
reducing agent for palladium.

Fig. 4: Test to prove the reactivity on palladium: 1) Palladium 
sulphate solution in the source state (without addition); 2) 
Palladium sulphate solution with addition of sodium hypo-
phosphite; 3) Palladium sulphate solution with addition of 
sodium formate; 4) Palladium sulphate solution with addition 
of glycolic acid

With help of the time interval required for this 
precipitation to occur, a general categorization 
can be made for the relative suitability of the 
reduction properties of the additives. This results 
in the following classification of the additives with 
regard to their reactivity strength on palladium: 
Sodium hypophosphite > Sodium formate > Gly-
colic acid.

The individual addition of the other substances 
under investigation (citric acid, succinic acid, 
malic acid) causes no colour change of the palla-
dium sulphate solution. The solution remains in 
the origin state (orange). These additives cannot 
reduce palladium ions at temperatures up to 
80 °C.

3.1 Sodium hypophosphite

The addition of sodium hypophosphite to the 
palladium sulphate, even at ambient tem-
peratures, leads to the immediate formation 
of the black precipitation of finely distrib-
uted, metallic palladium. After a few sec-
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onds, sodium hypophosphite is oxidized. The  
generated electrons can be used for the reduction 
of the palladium ions.

Sodium hypophosphite is often used in electro-
less palladium electrolytes as the reducing agent. 
Also some electroless copper baths work on the 
basis of hypophosphite as a reducing agent. But 
this is disadvantageous because hypophosphite 
is not suitable for the autocatalytic copper reduc-
tion. Copper is not a good catalyst for the oxida-
tion of hypophosphite.

After a thin deposited copper layer on the palla-
dium activated substrate, the electroless copper 
plating process stops. Therefore, nickel or cobalt 
ions are added to the copper electrolyte to allow 
an autocatalytic copper plating process with 
hypophosphite [2, 3]. These metal ions are a 
much better catalyst for the hypophosphite oxi-
dation.

Fig. 5: Initial phase of the electroless copper plating process 
on palladium activated basic material without addition of 
hypophosphite (on the left) and with hypophosphite (on the 
right)

While hypophosphite does not exhibit a reductive 
action on copper, it exhibits a highly reductive 
action on a catalyst metal such as palladium. It is 
effective at raising the initial plating reactivity via 
a catalyst metal. Since deposition uniformity at 
the start of plating is higher. The copper deposi-
tion starts homogeneous on the whole activated 
base material (Fig. 5).

Already after 1 minute of the copper plating pro-
cess there is a clear difference in the copper distri-
bution on the material. Although the concentration 
of reducing agent in the copper solution is very low  
(c < 0.05 mol/L), the copper deposition on the sub-
strate is improved by the addition of hypophos-
phite (Fig. 5, right). Without additive and with a 
low concentration of reducing agent, the copper 
deposition is neither sufficient nor homogenous 
from the beginning (Fig. 5, left). After the initial-
ization, the hypophosphite plays no further role in 
the subsequent autocatalytic process.

With the concentration of hypophosphite in the 
copper bath the copper deposition rate rises 
(Fig. 6). Similarly, the copper deposition quality is 
improved on the surface as well as in mechani-
cally created physical structures (e.g. drilled holes 
in the printed circuit board, Fig. 7).

Fig. 6: Variation of the hypophosphite concentration in the 
copper bath and its effect on the deposition rate by simulta-
neous change of the reducing agent amount (RA)

The impact of the hypophosphite concentration 
on the copper deposition rate is immediate. The 
greatest increase in deposition rate is visible at 
lower hypophosphite concentrations. At a con-
centration of approx. 16 g/L hypophosphite, the 



10 Journal for Electrochemistry and Plating Technology

Eugen G. Leuze Verlag  |  www.jept.de  February 2010

optimum acceleration referring to copper cover-
age, bath stability and performance is achieved. 
This does not however correspond with the max-
imum value of the deposition rate. An increase of 
hypophosphite concentration above the optimum 
value causes no other positive effect. The deposi-
tion rate increases only relatively minimally and 
the copper deposition becomes qualitatively bad 
due to large amounts of electrolyte additives in 
the copper solution.

Fig. 7: Variation of the hypophosphite concentration and its 
effect on the drilled hole covering (backlight, 1: badly, 10: very 
well) with different amounts of reducing agent (RA)

The supporting effect of the electrolyte addi-
tive is most effective if the concentration of the 
copper reducing agent in the electrolyte is low 
(for example: formaldehyde). Figure 6 shows 
the biggest increase in deposition rate when the 
slightest reducing agent amount of 2 ml/L is used. 
With rising amount of reducing agent, the posi-
tive effect of the hypophosphite is overlaid by the 
autocatalytic deposition caused by the reducing 
agent. Too high hypophosphite amounts in the 
copper bath (from 50 g/L hypophosphite on) lead 
again to the decrease of the deposition speed 
(Fig. 6) and degradation in coverage of the drilled 
holes (backlight, Fig. 7).

As shown in Figure 7, an optimum copper cover-
age is to be observed with approximately 15 g/L 
to 20 g/L sodium hypophosphite. The comparison 
between low and high reducing agent concentra-
tion (2 ml/L and 8 ml/L) makes clear that with low 
reducing agent concentration, the effect of the 
additive (hypophosphite) is substantially stronger 
than with high reducing agent amount. In case 
of using electrolytes with 2ml/L reducing agent 
concentration, the degree of copper coverage in 
the drilled holes rises more than twice when the 
amount of hypophosphite is increased from 0 g/L 
to 15 g/L.

3.2 Glycolic acid

Beside sodium hypophosphite the copper depo-
sition is also improved by using glycolic acid as a 
kick-starting agent. The copper deposition speed 
and the homogeneity of the copper coverage 
improve. The reaction mechanism is the same as 
with sodium hypophosphite. Metallic palladium 
which is adsorbed on the substrate surface by the 
activation process acts as a catalyst for the oxida-
tion of glycolic acid and leads to an additive oxida-
tion (exp.: glycolic acid):

pd 
C2H3O3ˉ + 2OHˉ → C2HO3ˉ + 2H2O + 2eˉ <7>

Glycolic acid is oxidized in the presence of 
palladium. The released electrons can be 
used additionally in the electroless copper 
electrolyte to reduce copper ions. The 
copper plating process begins uniformly.  
As shown in Table 3, there is also an optimum 
of the glycolic acid concentration in the copper 
bath as already seen with copper solutions con-
taining hypophosphite. A good bath performance 
(startup behavior, deposition rate, copper cover-
age) and stability is achieved with 18 g/L glycolic 
acid.
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Tab. 3: Dependence of the deposition rate ν on the glycolic acid concentration with different 
amounts of reducing agent (RA)

Glycolic acid 4 ml/L RA 6 ml/L RA
ν Layer thickness on ABS ν Layer thickness on ABS

  0 g/L 0.046 µm/min 1.38 µm 0.057 µm/min 1.71 µm
18 g/L 0.059 µm/min 1.79 µm 0.063 µm/min 1.88 µm

35 g/L 0.058 µm/min 1.75 µm 0.056 µm/min 1.70 µm
70 g/L instable instable

Raising the glycolic acid amount up to 18 g/L 
leads to an increase of the copper layer thickness. 
Using concentrations above 18 g/L, the deposi-
tion rate decreases and the electroless copper 
solution becomes unstable. Nevertheless, in con-
trast to copper baths with hypophosphite, elec-
trolytes with glycolic acid in comparable concen-
trations (to approx. 20 g/L) are more stable during 
the electroless copper deposition. Raising the 
amount of glycolic acid in the bath up to 70 g/L or 
more has a negative impact on the bath stability. 
This instability can occur even before the process 
of the autocatalytic copper deposition begins on 
the substrate (Fig. 8, right).

Fig. 8: Electroless copper baths with glycolic acid (Left: 18 g/L 
glycolic acid → stable solution; Right: 70 g/L glycolic acid →  
unstable)

A combination of the additives sodium hypophos-
phite and glycolic acid in the copper bath leads to 

no improvement in the electroless copper depo-
sition. Rather, the combination reduces even 
slightly the deposition speed and lowers the elec-
trolyte stability.

3.3 Sodium formate

Another candidate which can support the start 
process of the autocatalytic copper formation as 
an additional electron source is sodium formate. 
Sodium formate is oxidized like sodium hypo-
phosphite and glycolic acid in the presence of pal-
ladium. Hence, the sodium salt of the methane 
acid also often finds use as a reducing agent in 
chemical palladium electrolytes. Sodium formate 
delivers electrons by the oxidation reaction. The 
electrons can be used for the palladium ions 
reduction in the electroless palladium electrolyte. 
Reaction <8> shows the additive oxidation (exp.: 
sodium formate):

Pd 
HCOOˉ + OHˉ → CO2 + H2O + 2eˉ  <8>

Electroless copper solutions that contain sodium 
formate as a reducing agent are to be taken from 
the literature [4] only sporadically and up to now 
also with nearly no success. This can be due to the 
fact that sodium formate is a very weak reducing 
agent for copper. Hence, very high activation 
energy is necessary to run the electroless copper 
plating process. If sodium formate is used as an 
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addition in a copper electrolyte which already 
contains another, well functioning and autocata-
lytic active reducing agent, an accelerating effect 
can be observed during the copper deposition. 
The electrons that are additionally supplied by 
the sodium formate oxidation are used in the 
electroless copper plating process. With the help 
of sodium formate as an additive an increase of 
the copper layer thickness of about 25 % is reg-
istered after a deposition time of 10 minutes 
(Tab. 4).

Tab. 4: Comparison of the layer thickness with/without 
sodium formate

Sodium formate Layer thickness

0 g/L 0.30 µm

19 g/L 0.37 µm

In electroless copper solution with formaldehyde 
as reducing agent, sodium formate accumulates 
by a side reaction (Cannizzaro reaction) as a reac-
tion product:

2HCHO + OHˉ → HCOOˉ + CH3OH <9>

Most electroless copper baths with formalde-
hyde show an increase of deposition speed with 
increasing bath age. A raised bath age is com-
bined with a raise of the sodium formate concen-
tration. So it seems as if sodium formate has a 
supporting and accelerating effect on deposition 
speed due to the delivery of additional electrons 
in the initial phase of copper plating.

Electroless copper solutions which contain 
sodium hypophosphite, glycolic acid or sodium 
formate as an additive allow a homogeneous 
copper deposition with low concentration of the 
autocatalytic working reducing agent on account 
of an additional electron-delivering source. The 

electrolyte additives work on a reduction-oxida-
tion basis. By utilization of the catalytic qualities 
of palladium, they can be oxidized in the electro-
less copper solution.

3.4 Various additives

The other additives tested include the salts of 
citric acid, succinic acid and malic acid. These 
additives show only a very low positive support-
ing effect in the initial phase of the electroless 
copper deposition. They cause no reduction-oxi-
dation reactions at the metallic palladium seeds. 
But they can form complexes with the copper ions 
dissolved in the copper bath. Citric acid, succinic 
acid and malic acid are complexing agents in elec-
troless copper electrolytes. On account of differ-
ent complex stabilities these copper complexes 
are easier to reduce than other complexes as 
for example EDTA complexes. Thereby, they can 
cause a slight acceleration effect of the copper 
deposition.

The kick-starting effect of these additives on the 
electroless copper deposition is very small. For 
this reason, these electrolyte additives represent 
no real alternative to the chemical additives that 
work on reduction-oxidation basis (sodium hypo-
phosphite, glycolic acid, sodium formate).

4 Conclusions

In the initial phase of the electroless copper 
deposition, the palladium seeds adsorbed by the 
activation process of the non conductive sub-
strate serve as an anode for the oxidation of the 
reducing agent. The electrons that are supplied 
by the oxidation reaction pass through the palla-
dium and cause the copper reduction.

Electroless copper nucleates around the limited 
number of anodic palladium sites. The copper 
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deposition is an autocatalytic process and copper 
continues to nucleate on other nucleated copper 
grains. As a result, the growth of the electroless 
deposited copper takes place in both lateral and 
vertical directions. If the reducing agent used in 
the copper bath does not work autocatalytically 
on copper, the copper plating process stops as 
soon as the palladium is covered with copper. 
Such deposits are self limiting with regard to 
deposition thickness.

In electroless copper solutions, the reducing agent 
is necessary to maintain the autocatalytic copper 
plating process. If the concentration of reducing 
agent is reduced in order to minimize injurious 
qualities and side reactions, the amount of deliv-
ered electrons by the oxidation of the reducing 
agent is not sufficient to generate a compact 
copper layer. Therefore, a high degree of copper 
coverage of the layer can not be achieved, espe-
cially at the beginning of the plating process. This 
leads to an inhomogeneous copper deposition. By 
the additional use of a chemical substance (elec-
trolyte additive) which can be easily oxidized at a 
palladium surface, more electrons can be created. 
The amount of electrons consists of the electrons 
that are formed by the autocatalytic copper 
reducing as well as by the electrolyte additive. 
By that, the electrons coming from two sources 
permit, in sufficient amount, the deposition of a 
homogeneous and compact copper layer. Suita-
ble additives are sodium hypophosphite, glycolic 
acid and sodium formate. They can be oxidized at 
catalytic active palladium and provide additional 
electrons for the electroless copper deposition. 

However, the additives are no reducing agents for 
the autocatalytic copper plating process. 

The autocatalytic reducing agent has to be in the 
copper solution and cannot be substituted com-
pletely. The additives react exclusively with the 
palladium. Therefore, they can be considered as 
a sort of startup agent for the copper plating pro-
cess on palladium activated base material. Palla-
dium is not directly involved in the reduction-ox-
idation reactions, but works intermediary by its 
catalytic qualities as an electron carrier.

In the course of copper plating the palladium 
seeds are covered with electroless deposited 
copper after a short time and are no longer cat-
alytically active. Then, the supporting effect of 
the used electrolyte additives is not given any 
more. Without palladium additional generated 
electrons are not available. In that case, the auto-
catalytic copper deposition continues steadily 
only due to the reducing agent in the electrolyte  
(e.g. formaldehyde).

The use of additives, to provide a chemical kick 
start, may provide the following benefits as there 
are indications that less traditional reduction 
chemistry is necessary to support a successful 
electroless plating mechanism: Lower health 
risks, lower costs due to non process relevant side 
reactions (e.g. Cannizzaro effect) and a better 
quality of copper deposition. By enhancing the 
plating reactivity in the initial phase, plating with 
lower concentrations of the reducing agent is 
realized. 
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