The Influence

Of Bright Copper

of Pulse Frequency on the Hardness

Electrodeposits

By D.S. Stoychev &M.S. Aroyo

The hardness of copper coatings deposited by direct an
pulsed currents were measured. The proprietary bright
acid solution used contains an agent, SA-LFPP, havin
high hydrodynamic activity. This additive, with a pulse
frequency of 5 Hz, produced a synergistic effect on initia
coating hardness values (about 230 HV). These valug
remained unchanged for more than 270 days. The result
obtained prove the validity of the previously described
mechanism of low-frequency pulse plating with brighten-
ers. This mechanism predicts the occurrence of the max
mum hardness values at a “limiting” frequency as aresulf
of an optimal matching of the process rates of nuclea
formation, brightener adsorption, and incorporation into
deposits.

The addition of brighteners and surfactants into plating b
usually results in electrodeposition of bright coatings ha
hardness (HV) greater than that of coatings produced wit|
additivest® Hardness is an important property of brig
copper deposits, especially for coatings on gravure rol
the printing industry.” Modern technologies for electron
engraving of gravure rolls have specific requirements for
properties of electroformed copper foils—a perfectly smg
surface and a hardness of 27 kg/mm2. This value mus
remain constant for a relatively long period. In many ca
however, the hardness of bright copper deposits raf
decreases over time as a result of spontaneous proces
recrystallization and relaxatidn.
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d The research of Stoycheef al® demonstrated that a
number of factors, such as composition of the electrolyte,
gtype and chemical nature of organic additives, and direct-
current density, can delay the processes of recrystallization to
a considerable extent. These researchers have also observed
oghat retardation of recrystallization is directly related to the
samount of carbon-containing substances included in the
copper coating. This paper reports the effect of pulse fre-
quency on the hardness of bright copper coatings obtained
-from baths containing commercially available brighteners
THB-6% and the specific additive SA-LFPPcharacterized

r by high hydrodynamic activity. Conditions of pulse plating
were determined such that the recrystallization processes
were maximally retarded and the high initial hardness main-
tained during the entire period of the research (more than
atfight months). These optimal conditions were based on a
imgeviously determined synergistic effect of pulse frequency,
hbughteners and the SA-LFPP additive.

ht

sHrperimental ~ Procedure

cThe composition of the electrolytes and the plating condi-
thiens are listed in the table. Deposition of copper from these
othectrolytes was done on rotating disc electrodes with a
tworking area of 0.005 divand constant speed of 150 rpm.
sd89)e pulse frequency used in all plating processes ranged from
idyo 40 Hz, and pulse duration (10 msec) was the same for all
steqiencies. Pulse current dendjfyvas calculated by the
relationship

i = Im (Ton + Toff)

P on
wherei  was an average current density of 12 Aféon all
frequencies used. Thickness for all coatings was about 75
pm. Hardness of the copper coatings was measured with an
indenter pressure of 50 g.

Results & Discussion
Figure 1 shows the variation of hardness (HV) over time for
deposits obtained fromlectrolyte 1. The curves indicate
that the hardness of copper deposits obtained with DC de-
creased from 232 kg/nfito 150 kg/mrawithin the first three
days (curve 1), but remained stable at about 140 kgaftar
the 15th day. The relationship of hardness with time changed
dramatically with pulse plating. At 5 Hz (curve 2), the initial
hardness remained constant for more than 240 days. At 10 Hz
(curve 3), the initial hardness remained the same for the first
30 days, then decreased slightly to 210 kg?muithin the
following 25 days, remaining at that value until the end of the
experiment (240 days).

Considerable changes in the rate of recrystallization took
place at 20, 30, and 40 Hz. At 20 Hz, the initial hardness of

Fig. 1—Time dependence of hardness for copper deposits from EIectroI)TeZBZ kg/mni remained the same as that of coatings obtained
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pulse frequency to 30 and 40 Hz caused decreases in initial
hardness, to 150 and 137 kg/Mmnespectively. These values
showed no change for more than 120 days (curves 4 and 5).

Figure 3 summarizes the results of experimentskaleh-
trolyte 3. Unlike Electrolyte 1, it contained 4 ciiL of the
additive SA-LFPP. With this additive, the initial hardness
was 232 kg/mr which did not change over the more than
240 days of the experiment, regardless of the plating method
( DC or pulse) (curves 1-6).

Comparative data analysis of these results, when one
electrolyte 8) contained PEG and anoth&} ¢lid not, led to
these considerations:

1. The experiments confirmed a conclusion reached by pre-
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Fig. 2—Time dependence of hardness for copper deposits from Electrolyte2
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Fig. 3—Time dependence of hardness for copper deposits from Electrolyte 3.

with DC and pulse plating at 5 and 10 Hz. It did not cha

vious investigatorfsthat the high values of hardness of

bright copper coatings and the long periods of time (up to
several months) during which these values remain con-
stant, are related to the carbon incorporated into the
coatings. Evidently, the main source of carbon is the PEG.

- The additive SA-LFPP exhibits high hydrodynamic activ-

ity that becomes obvious in the reduction of dynamic
viscosityu by several time&. According to the Nernst-
Einstein relation and its modificati&n

D= ﬂ '
M

this reduction causes proportional increase of the diffu-
sion coefficienD of less mobile organic molecules. As a
result ofincreased diffusion flow of organic compounds to
the cathodic surface, the amount of carbon incorporated in
the copper deposited fromlectrolyte 3 is more than
sufficient to obtain high and stable hardness values. Under
these circumstances, the hardness of the coatings is not
practically dependent on the DC and pulse parameters.
The relation between hardness and time is found to be a
straight line parallel to the x-axis (Fig. 3). In other words,
the presence of hydrodynamically active additives in
bright plating baths causes incorporation of sufficient
amounts of carbon in the copper deposits and provides for
the maintenance of high and invariant (for more than eight
months) HV values. If there is no SA-LFPP in the bath, as
in Electrolyte 1, the high hardness values remain un-

ge changed only for the 5-Hz pulse frequency. In all other

for three days, then began to decrease and, by the end pf tHeases, HV values decrease at different rates (Fig. 1).

15th day, reached 150 kg/minfter the 25th day, a stabl
value of 142 kg/mrhwas reached that remained the same
until the end of the experiment (240th day) (curve 4).

time, similar changes were observed for copper coating | N p "g

obtained by pulse plating at 30 Hz. The initial hardness wa & \\\ e 5

slightly lower (222 kg/mr) (curve 5). The results for40Hz 5 S~ I =

(curve 6) were radically different. The coatings had consid g RN 59

erably lower initial hardness, 136 kg/mnthat remained € £3

stable for the entire period of 240 days. s 8"
Figure 2 shows the results of the useEt#ctrolyte 2. = 8

Copper coatings obtained with DC at 12 Afdmd low initial | 5 g

hardness (106 kg/minthat did not change with time (curye § @

1). Coatings obtained by pulse plating at 5 Hz had inijtia

hardness of 232 kg/nfirsimilar toElectrolyte 1 containing

PEG. The hardness of these coatings remained stable for , , ,

more than 270 days (curve 2). At 10 Hz, the hardness of the 2 4 6 8 10

coatings was greater than those obtained with DC, but lower
than those at 5 Hz. The initial hardness of 166 kg/mm
remained constant for more than 120 days. Increase gf the4—intersection of tendency lines depending on pulse frequency.

Frequency, Hz
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Bath Composition & Operating Conditions

Electrolyte
1 2 3
CuSC 5H0 220 g/L 220 g/L 220 g/L
H2SC 60 g/L 60 g/L 60 g/L
NaCl 90 mg/L 90 mg/L 90 mg/L
Additives
Saffronic dye 6 mg/L 6 mg/L 6 mg/L
Dialkyldisulfide derivative 8 mg/L 8Mg/L 8mg/L
Polyethylene glycol
(MW 3000)(PEG) 220 mg/L — 220 mg/L
SA-LFPP — 4 crilL 4 cn¥/L
Avg. current density 12 A/din 12 A/dn? 12 A/dn?
Pulse duration 10 msec 10 msec 10 mseq
Temp 25°C 25°C 25°C
Plating time 30 min 30 min 30 min

3. To explain the above results, it is useful to relate the
a previously described mechanism of leveling in pul
electrodeposition with brightenefsAccording to this
mechanism, pulse frequency is a major controlling fa
in the processes of nuclear formation, crystallizat
adsorption, and incorporation of organic additives in
coatings. In this way, through scanning of the pu
frequency from 0 to 40 Hz, with Tconstant, the platin
process can be divided into two simultaneous and re
processes (Fig. 4). The rate of the first process, n
formation, increases with increase of pulse freque
This results in an increase of active sites on the cath
surface, where brightener molecules and other org
additives are adsorbed. In the second adsorption pro

the surface concentration of brightener species gradud
decreases with increase in pulse frequency. At a defj

frequency, this concentration becomes insufficient
adsorption and inhibition of the increased numbe
nuclei. The abscissa of the point of intersection of the |
representing these opposing tendencies defines the

frequency optimally matching the rate of both processeg

nuclei formation on the one hand, and brightener ads
tion and incorporation into the coating, on the other.

formation, brightener adsorption and incorporation in the
deposit.

The addition of an agent with high hydrodynamic activity
(SA-LFPP) in a bright plating bath enhances the effect of
optimally matching the rates of the above processes. This
synergism is manifested at a pulse frequency of 5 Hz, at
which hardness values are found to be extremely high.

Editor’s note: Manuscript received, March 1996; approval
received, June 1997.
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In these hardness measurements, as well as in leveling paswercture and properties of metal coatings and related fields.

determination, the maximum hardness values are obtain
a pulse frequency of 5 Hz. This coincidence is additic
evidence for the assertion that both leveling power

hardness of bright coating are related to the same mecha

of electrocrystallization, adsorption and incorporation
brightener species.

Conclusions

Under definite conditions, pulse plating of bright cop

coatings confers considerable advantages over DC plati

terms of deposits with higher initial hardness (about 230

that remains constant for periods of at least nine month
The data obtained are another confirmation of the vali

of a previously described mechanism of low-frequency p

eHathas published more than 80 scientific papers and holds
nalore than 20 patents.
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plating with brighteners thatincludes the processes of nu
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