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The hardness measurement of d-c and pulse deposited copper coatings have been
performed. The used proprietary bright acid solution contains an agent SA-LFPP

having high hydrodynamical activity. It was established a synergistic effect of this
additive and pulse frequency of 5Hz on initial values of coating hardness (about 230
HV). These values remain unchanged for more than 270 days. The obtained results
prove the validity of the previously described mechanism of low-frequency pulse
plating with brighteners. This mechanism predicts the occurrence of the maximum
hardness values at a "limiting" frequency as a result of an optimal matching of the
process rates of nuclear formation, brightener adsorption and incorporation into
deposits.







1. Our experiments confirmed a

conclusion obtained by previous
investigations that the high values of
hardness of bright copper coatings and the

long periods of time (up to several months)

during which these values remain constant

are related to the carbon incorporated into

the copper coatings. Evidently, the main

source of carbon is PEG in the plating
solution.

2. The additive SA-LFPP exhibits high

hydrodynamic activity which becomes

obvious in the reduction of dynamic viscosity

B by several times[11]. According to the
Nernst-Einstein relation and its

kT

modification[12] D=-, this reduction

causes proportional increase of the diffusion

coefficient D of less mobile organic

molecules. As a result of the increased

diffusion flow of organic compounds to the

cathodic surface, the amount of carbon

incorporated into the copper coatings

deposited from electrolyte 3 is more than

sufficient for obtaining high and stable
hardness values. Under these

circumstances, the hardness of the coatings

does not depend practically on dc and pulse

plating parameters. The relation between

hardness and time (Fig. 3) is represented by

a straight line parallel to the abscissa. In
other words, the presence of

hydrodynamically active additives in bright

plating baths provides for the incorporation
of sufficient amounts of carbon into the

copper deposits and for the maintenance of

high and invariable (for more than 8 months)
HV values. Inversely, if there is no SA-LFPP

in the bright plating bath (as in electrolyte

1), the high hardness values do not change

for a long period of time,except for the

coatings obtained at pulse plating frequency

of 5 Hz. In all remaining cases, HV values

decrease at different rates (Fig. 1).

3. In order to explain the above results

we relate them to a previously described

mechanism of leveling in pulse

electrodeposition with brighteners[11]
According to this mechanism the pulse

frequency is a major controlling factor of the

processes of nuclei formation.

crystallization, adsorption, and incorporation
of organic additives into the coatings. In

such a way, through scanning of pulse

frequency (Ton=const.) in the range of 0 Hz
to 40 Hz, the bright plating process could be

devided into two simultaneous and related

processes (Fig. 4). The rate of the first

process (nuclei formation) goes up with the

increase of pulse frequency. This results in
the increase of active sites on the cathodic

surface on which the molecules of

brighteners and other organic additives are
adsorbed. In the second process of

adsorption the surface concentration of

brightener species gradually decreases with

the increase of pulse frequency. From a

definite frequency this concentration

becomes insufficient for the adsorption and

inhibition of the increased number of nuclei.

The abscissa of the point of intersection of

the lines representing these opposing

tendencies defines the pulse frequency

optimally matching the rate of both

processes - nuclei formation, on the one

hand. and brightener adsorption and

incorporation into the coating, on the other.

In these hardness measurements, as well as

in leveling power determination, the

maximum hardness values are obtained at

pulse frequency of 5 Hz. This coincidence is

another evidence for the allegation that both

leveling power and hardness of bright

coating are related to the same mechanism

of electrocrystallization, adsorption and

incorporation of brightener species.

Conclusions

The following conclusions are based on the
data obtained through hardness

measurements

- Under definite conditions, the pulse

plating of bright copper coatings

demonstrates considerable advantages to

d.c. plating in terms of deposits with higher

initial hardness (230 HV) which remains

constant for a long period of time (9

months).
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