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Copper deposition by Dynamic Chemical Plating
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The present paper describes a new direct chemical plating method of copper, called
Dynamic Chemical Plating. This low cost technology is based on spraying separate
aqueous solutions containing copper metallic ions and Borohydride reducing agent. It is
able to plate chemical copper at 30 µm/h at room temperature and may be used as an
industrial process for metallizing polymers and non-conductors in general.

The copper plating dynamic parameters were studied as well as the substrate
characteristics in order to be metallized. The wettability of the plastics surfaces and the use
of a coupling agent plate, as an under-coat metallic layer, are major important parameters
to start plating and increase the adhesion of metallic copper layer to the substrate. Effects
of pre-treatment conditions such as corona discharge, the plating kinetics and electrical
properties of the copper film are also investigated. C© 2003 Kluwer Academic Publishers

1. Introduction
Autocatalytic or electroless copper plating is widely
used to metallize non-conductor surfaces and it is a key
technology for manufacturing printed circuits boards.
It is also used for connectors applications and as well
as to pre-plate a conductive thin film on plastics for
subsequent electrochemical plating. One of its most
successful applications also is Electromagnetic Inter-
ference Shielding (EMI/RFI). This “wet” plating tech-
nique is a unique approach to obtain perfectly homoge-
neous and uniform metal deposits on a catalytic surface
and it can be applied to any complex or intricate shape
substrate. In spite of all these advantages, electroless
plating is still suffering from several practical problems
such as:

• the bath control and limited solution life
• the toxicity (i.e.: carcinogen formaldehyde com-

pound) and ecological disadvantages (wastes treat-
ment, use of chromic etching, . . .)

• the difficulty to plate large dimensions parts
• the plating rate which is limited to 5 µm/h for most

of commercial available baths.

Added to these problems, another very important in-
dustrial inconvenience concerns the high number of
processing steps, particularly the activation step. So
several processes have been developed as possible sub-
stitutes. They are usually referred to as “direct plat-
ing” since the non-conductive substrate can be copper

electroplated directly after a specific activation step
without the need for a conductive electroless copper
film.

These processes can in general be categorised into
three groups. The first alternative is based on colloidal
carbon or on a conductive polymer film to replace the
electroless copper film [1, 2]. The second group uses
Bridging Ligands based on a mixed Pd/Sn catalyst cou-
pled with a sulphide solution dip [3, 4]. The third group
uses coupling agents such as silanes which fix Pd(II) or
Cu(II) [5, 6] as ultra thin, not to say atomic, conductive
layer.

Although these alternative processes decrease the
number of the global plating process steps, they still
have the problems pinpointed above. Moreover, they
are very expensive. For example, the palladium, used
to obtain a catalytic surface in view to copper or nickel
deposition, has a price that increased from 100$ per
oz in 1997 up to 850$ per oz in 2000 [7]. The great
demand of this material and the rare sources of supply
explain the financial market of palladium is so tense
and unstable.

Stremsdoerfer et al., have developed and presented
a new “direct plating” process which avoid the dis-
advantages listed above and in particularly the Pd/Sn
step activation [8, 9]. In few seconds, it is possible
to plate non-conductor surface with a Ni, Cu or Co
films without a Pd catalytic activation step. For exam-
ple, on polymers, a 0.3 µm NiB metallic underlayer,
which is enough to start electroplating deposition, is
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plated in 90 s at room temperature. This process named
JetMetalTM, is also called “Dynamic Chemical Plating”
DCP. A detailed explanation and discussion of the dy-
namic aspect of the process in comparison to different
conventional wet techniques called “Static Chemical
Plating” are given elsewhere [10, 11]. The novelty of
this Dynamic Chemical Plating is based on a sequen-
tially highly controlled supply of the material (metallic
ions Ni2+, Cu2+, Co2+, Ag+) and the energy source
(reducing agent) to the substrate. In other words it can
be described as a metal plating process using inter-
mittent spraying of two or several solutions simultane-
ously. Using compressed air and a double nozzle spray-
ing gun, the reducing and oxidising agents are sprayed
at the same time but separately onto a non-conductor
surface. Thus, a very thin liquid film is formed. This
film is adsorbed on the surface and contains the ac-
tive species. This film is also thermodynamically unsta-
ble which means that the oxidation-reduction reaction
will occur spontaneously. But under some experimental
conditions, this spontaneous reaction can be controlled
to avoid coarse precipitation. These conditions are the
following:

• The sprayed liquid film, which is adsorbed on the
substrate, must be thin enough. So the redox reac-
tion occurs on the surface.

• The ratio of the sprayed oxidising and reduc-
ing solutions must be adequate to give an op-
timal stoechiometric electrochemical reaction on
the surface. This corresponds to the ratio of elec-
trons exchanged between the oxidising and the
reducing agents for a fixed sprayed volume of
solutions.

• The polymer substrate must have a uniform wet-
tability and a relatively high surface energy (γ s >

40 mJ/m2). Consequently, a metallic substrate is
easier to plate than a plastic material.

When these conditions are fulfilled, the redox reaction
will be induced on the surface instead of a spontaneous
precipitation of the metallic ions in the adsorbed liq-
uid film. Then a compact, dense and adherent nickel or
copper film is formed on the substrate. Once the reac-
tion is over in the liquid layer, the thin liquid film is
refilled with active species by spraying again the so-
lutions. The time separating two successive refills is
called “relaxation time” and during this time the spray-
ing is off. In order to ensure the thickness growth of the
metallic film, the spraying is carried out intermittently
using successive liquid sprays. The procedure can then
be described as a sequence of several spray/non-spray
steps or in other words a sequence of several spray-
ing/relaxation steps added. With one of the double noz-
zle spraying gun, it is possible to cover a surface of
3.8 dm2.

NiB dynamic plating was thoroughly investigated
and presented in the past papers listed above. This
manuscript shows experimental investigation and de-
tailed study of copper dynamic plating. It presents the
experimental optimisation of plating conditions as well
as its kinetic evaluation. The deposits morphological
and electrical characteristics are also presented.

2. Experimental
The treatment of the substrates prior to metal plat-
ing consisted in degreasing with an appropriate or-
ganic solvent depending on the nature of the used
plastic. 3 mm thick plastic substrates were cut into
square shaped samples (100 mm × 100 mm). Com-
mercial grades of non reinforced Poly(ethylene tereph-
thalate) (PET), Acrylonitrile-Butadiene-Styrene (ABS)
and Poly(vinyl chloride) (PVC) polymers were tested.
In order to increase the surface energy and obtain a
good wettability, a 20 KV Corona discharge (DMG
Instruments—France) was used. The sample-electrode
distance was fixed at 4 mm and treatments were made at
ambient atmosphere. The contact angle were measured
using a “DIGIDROP” contact angle meter coupled to
a microcomputer for image analysis (GBX Scientific
Instruments-France). A commercially available con-
centric double-nozzle spray gun (DeViliss-AGPV2K)
was modified and used to spray the aqueous solutions
for plating. The spraying apparatus was automated and
controlled using a “home-made” software. An oil-free
air compressor was used as a spraying system during
experiments. It supplies compressed air to two different
tanks that contain, respectively, the reducing agent so-
lution and the metal salt solution. The air pressure in the
different compartments is independently adjustable us-
ing two different manometers. Both tanks are linked
to the automated spraying gun. In this study, sam-
ples are vertically fixed perpendicularly to the spray.
The distance between samples and the double-nozzle
spraying gun is maintained at 40 cm. This is illustrated
in Fig. 1.

The thickness of the deposit was determined gravi-
metrically by weighing the substrate before and af-
ter plating, and also using a Maxtek PM 500 quartz
micro-balance to validate measurements. Local thick-
ness measurements was controlled using an X-ray Flu-
orescence apparatus from CMI “Coating Measurement
Instrument”. Surface morphology of the substrates and
copper deposited films were examined by Scanning
Electron Microscopy (SEM) using a “Philips XL20”
SEM micrograph coupled to an “EDAX” X-ray probe
for qualitative and semi-quantitative elemental anal-
ysis. We used an Inductively Coupled Plasma (ICP-
AES) to determine the exact elemental composition of
deposits. The surface roughness was evaluated with a
Perthen-Mahr type profilometer using a point which
curvature radius is 0.1 µm. The Attenuated Transmis-
sion Reflectance (ATR-IR) spectroscopy technique was
used to determine the chemical modifications produced
on the polymer surfaces after different carried out treat-
ments. Chemicals used Potassium Borohydride, Cop-
per and Nickel Sulphate, Quadrol Chelated Titanium
(coupling agent) were Sigma Aldrich standard grades
without any further purification.

3. Results and discussion
3.1. Elaboration of a metallic primary thin

film (metallic undercoat)
The preliminary simultaneous spraying of KBH4 re-
ducing solution and copper salt solution, using the as-
sembly presented above, on a metallic substrate lead to

3286



Figure 1 Schematic representation of Dynamic Chemical Plating (DCP) apparatus.

the creation of an adherent and homogeneous film. The
spraying time used in this case is 100 ms and the time
separating two consecutive sprays (relaxation time) is
200 ms [8]. The copper plating oxydo-reduction re-
action starts immediately on the metallic surface. The
same experimentation carried out on several types of
polymers substrates show a completely different be-
haviour. The reaction start seems to depend on each
substrate surface characteristics. In fact, as polymers
show much weaker surface energy than metallic sur-
faces, this parameter seems to be crucial for a proper
plating reaction.

This ascertains that for DCP an adequate high sur-
face energy should be reached before plating a 0.5 µm
metallic thin layer to serve as a primary conductive film
for the next growth of electrochemical copper.

To investigate the influence of the polymer surface
energy and its wettability, the process dynamic param-
eters have to be fixed first. The spraying and the re-
laxation times were kept constant at the same values
mentioned above. These values were already used be-
fore to plate nickel-boron primary metallic films which
thickness varied from 0.2 to 0.3 µm and obtained in
90 s of spraying at room temperature as described in
details in references [10, 12].

Fig. 2 show the dynamic copper plating rate as
a function of active species concentration in the
sprayed solution. To determine copper sulphate optimal
concentration, the reducing agent content was first kept
randomly constant at 4 g/l. The sprayed volume of both
reducing and oxidising solutions was the same dur-
ing all measurements. It corresponds to 300 spraying.
Taking into account that the spraying time is 100 ms
and the relaxation time is 200 ms, the global plating
time in this case is 90 s and it was used to evalu-
ate the plating rate. We can notice that the optimal
plating rate is obtained for a copper salt concentra-
tion of 30 g/l. Then, this value was fixed to determine
Borohydride optimal concentration. The corresponding

Figure 2 DCP Copper plating rate according to the reactive chemical
species concentration.

curve shows that at 7 g/l of reducing agent content,
the plating rate reaches its highest value. Beyond,
those concentrations, both curves tend to an asymptotic
evolution.

The Triethanolamine is used as a chelating agent [13,
14] at an optimal concentration of 10 g/l and the pH was
fixed at 12 using Potassium Hydroxide (KOH) in order
to obtain bright oxide free copper without precipitating
copper hydroxides [15].

In both cases, e.g., nickel and copper plating, Tita-
nium based coupling agents were mixed with the so-
lution containing the metallic salt at very low content
(<100 ppm). These coupling agents role is to enhance
the deposition reaction start, to allow a better adhesion
and to ensure an entanglement of the metallic coating
on the surface of the polymer [16].

As we mentioned before, the oxidation-reduction re-
action starts on the polymer surface under adequate
surface energy conditions. So it is necessary to lower
the wetting angle of the plastic surface to decrease the
hydrophobic character of the surface and allows to the
sprayed solutions to spread on the substrate surface and
then to create a very thin film made of a mix of the
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Figure 3 DCP copper film thickness as a function of surface wettability
(water wetting angle) on different polymer surfaces.

solutions, the metal salt and the reducer solutions. A
corona discharge treatment is used due to its wide in-
dustrial use.

By varying Corona treatment from 1 s to 60 s per
cm, it is possible to change the ultrapure water wet-
ting angle of the polymer surface from 80◦ to less than
10◦. Fig. 3 shows, for the same volume of sprayed so-
lutions, the mass of deposited copper according to the
above mentioned wetting angle on three types of plastic
substrates.

Whatever the type of polymer is, we note that for
a wetting angle smaller than 10◦, the weight of plated
copper is 6 to 22 times higher than for the as-received
degreased substrates. The analysis by infra-red spec-
troscopy (ATR-IR Spectroscopy) of the polymer sur-
face before and after Corona treatment doesn’t show
significant modifications of the surface chemistry. This
is in accordance with Romero-Sanchez et al. findings
[17] on corona discharge for polymer surface treat-
ment. Other authors has also established that corona
treatment is more a harsh discharge technique that
leads to morphological modification with few poly-
mer chain scission and electrical charges accumula-
tion rather than intensive chemical grafting of chemical
moieties [18]. We may conclude that wettability varia-
tion is the only parameter responsible of the drastic in-
crease of the copper plating reaction enhancement and
output.

To quantify the ageing effect on the Corona Treat-
ment as this is could be an important industrial parame-
ter, while polymer substrates are stored to be metallized
later, we measured the evolution on the wetting angle
of the polymer surface with time at ambient air and
room temperature. On Fig. 4, it can be noted that after

Figure 4 Effect of ageing time on water wetting angle of ABS plastic.

Figure 5 Growth curve of DCP Nickel (a) and Copper (b) metallic
films when coupling agent is added with the metallic ions oxidising
solution.

Corona treatment on ABS polymer, allowing to obtain
an initial 30◦ wetting angle, wettability is dramatically
altered after 30 min of ageing. The wetting angle of wa-
ter increases greatly to reach and stabilise at 50◦ after
3 h. This means that dynamic chemical plating should
be carried out during the 30 min after corona treatment.
Impurities adsorption and the fast decrease of electrical
charge load after corona effect on the material are prob-
ably the causes of the hydrophobicity increase of the
surface [17]. The wetting angle of a substrate of ABS
that are non-treated by Corona is about 77◦.

For copper metallic coating, the simultaneous spray
of the reducing agent, of the copper salt and the coupling
agent on the substrate surface, leads to an homoge-
neous deposit when the substrate wettability angle is
smaller than 30◦. After thirty spraying sequences, the
metallic film is uniform and continuous on the whole
substrate. It is useful to remind that a sequence is de-
fined as a spray followed by a relaxation time. Fig. 5
shows the growth of a copper metallic film and of a
nickel-boron film, for comparison purposes, on corona
treated ABS substrate. Kinetic growth at room temper-
ature is linear and respectively of 11.8 µm/h for NiB
and 9 µm/h for copper. It is important to note that these
metallic films were plated on the plastic surface directly
after degreasing without any acid etching or mechanical
roughening operation and without using an expensive
step of activation by immersion in a PdSn colloidal
solution such as in conventional electroless plating
processes.

ICP & EDS elemental analysis, of copper samples
which thickness vary from 0.5 µm to 5 µm, indicates
that the ratio of copper and boron, stay constant all
over the metallic film growth. The metallic films con-
tain 98% of copper, 0.17% of boron, and the remaining
concerns the coupling agent element, mainly titanium.
On Fig. 6 curve (a) shows the electrical resistance varia-
tion of a copper metallic primary according to the spray-
ing sequences, in other words the film thickness. The
electrical resistance, between 5 cm distant 2 points, on
the surface regularly decreases and reaches 0.26 � for
a metallic film thickness of 2.8 µm.

Curve (b) shows the same electrical resistance vari-
ation but for a nickel-boron metallic coating according
to the film thickness. Although at a NiB film thickness
of 2 µm, the electrical resistance tend to an asymptote
around 2.55�. These are quite high electrical resistance
values, compared to conventional electroless NiB or

3288



Figure 6 Electrical resistance variation of a DCP copper (a) and nickel
(b) metallic films according to the layer thickness in the presence of
coupling agent in the metallic ions solutions.

copper plated films, and are probably due to the intrin-
sic electrical properties of plated NiB or Cu as cross-
section micrographs of such coatings did not show any
significant porosity [10, 11]. In fact the presence of ti-
tanium, as a residue of the coupling agent, may form an
intrinsic fine oxides layers which is probably responsi-
ble of these results.

3.2. Improvement of copper DCP
metallic films

The deposition of a copper or nickel metallic films as
described above does not allow to obtain films with high
electrical conductivity. Electrical resistance reaches in
both cases a relatively high limit value. Or, the interest
of the first metallic copper or NiB film is to obtain a
good conductive adherent layer on polymers thanks to
the use of a coupling agent. In the next experiments we
plated only 0.3 µm of Copper films as a primary ad-
herent base metallic film and then we sprayed copper
solutions with the same composition as before except
for the coupling agent which was suppressed. Fig. 7
shows the growth of the copper films elaborated on
a copper primary layer (a) and on a nickel primary
one (b).

The suppression of the coupling agent allows to in-
crease significantly the growth kinetic of copper films
and to reach within a short time of plating, low values
of electrical resistance.

In the first case (a), the copper growth kinetic is
linear and the plating rate reaches 28 µm/h. In the

Figure 7 Growth curve of a pure DCP copper film on (a) 0.3 µm copper
underlayer and (b) 0.3 µm NiB underlayer. Both underlayers contain
titanium based coupling agent.

second case (b), the film growth kinetic can sub-
divided into 3 steps. In step I, DCP copper plat-
ing has a rate of 12 µm/h. This step characteris-
tic of the copper deposition start and the influence
of catalytic properties of the nickel primary film,
which contains the coupling agent, is dominating.
In step II, NiB film is covered with the first cop-
per layers and the catalytic influence of this pure
copper is now preponderant and the kinetic of cop-
per deposition reaches 17 µm/h during a temporary
short time. In step III the kinetic growth reaches its
nominal value of 28 µm/h and we may notice that
this plating speed is proper to the pure copper that
does not contain any coupling agent residues. Nei-
ther the substrate, nor the base primary film present
any more influence on the growth kinetic. It is impor-
tant to mention that all these experiments and mea-
surements were done at room temperature. Conse-
quently, DCP copper plating rate may be considered
very high compared to the performance of conven-
tional electroless copper baths that function at the same
temperature.

Elemental analysis of the DCP pure copper films with
different thickness indicate a copper content of 99.94%
and 0.06% of boron. No other residues were found
which confirms our previous hypothesis that residues
of titanium based coupling agent alters copper films
electrical properties while it enhances significantly its
adhesion to the substrate. The global plating output can
be defined as the weight of plated copper compared
to the weight of sprayed copper. So it is the mass rate
of: MCudeposit/MCu2+

spray and this output rate is 60%.
This can be eventually improved by using a more eff-
icient dual nozzle spraying gun in the future. Fig. 8
shows the electrical resistance variation of DCP pure
copper films measured between 2 points of a 5 cm dis-
tance. These films are plated on a 0.3 µm copper un-
derlayer (curve a), a 0.3 µm NiB underlayer (curve b)
and a 2 µm NiB underlayer (curve c). As a reminder,
the underlayer is a coupling agent containing metal-
lic film. We note that on one hand the limit value of

Figure 8 Electrical resistance variation of a DCP pure copper film ac-
cording to the layer thickness on (a) a thin copper underlayer (b) thin
NiB underlayer (c) thick NiB underlayer.
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the resistance is less than 0.01 � and it is reached for
a pure copper thickness of 5 µm. On the other hand,
the plating time to reach a specific electrical conduc-
tivity is much shorter for a pure copper film plated on
copper primary film than for the same pure copper but
plated on a nickel primary film. We notice also that
NiB underlayer should be kept as thin as possible when
it is used, because it influences significantly the upper
layer electrical conductivity (curve c). This is an im-
portant factor for an industrial process capacity where
a certain conductivity is needed to ensure an electro-
chemical thickening after or for simple EMI shielding
applications.

3.3. Characterisation of the film
homogeneity

As noted in the experimental section, the spraying gun
and the samples are in a fixed position. As illustrated
in Fig. 1, The gun-sample distance is 40 cm and the
spraying solid angle (cone shape spraying) is about 30◦.
In other words, the spraying gun can plate a circular
zone which diameter is approximately 24 cm. XRF
measurements show that the metallic film has an ho-
mogeneous thickness in the whole circular area if the
deposit final thickness is under 1 µm. For thicker coat-
ings we notice a different behaviour. Fig. 9a illustrate
schematically a 3 µm plated circular zone. We have
investigated the thickness profile all over this circu-
lar area using XRF also. Measurements made from the
left to the right side at the middle of the plated area
indicates a regular gaussian thickness distribution as
shown in Fig. 9b. We can notice that the central area
of the plated circular zone (between two dashed lines)
has a thicker deposit than the left and right edges. At
the extremity of these edges (data not shown on the
curve), the metallic film becomes very thin (<0.5 µm).
Fig. 9c shows thickness measurements made from the
top side to the bottom side in the middle of the plated
area. We can notice that deposit thickness of the top
edge is very low compared to the central area (between
two dashed lines) or to the bottom edge. Moreover,
the bottom area show thicker deposit until the bot-
tom end of the substrate. So, we may conclude that
when the spraying gun is operating in a fixed mode,
the plated circular zone can divided into 3 sub-areas
A, B & C. In sub area A & B, the metallic film is
relatively homogeneous but thicker in A than in B. In
sub area C the metallic film is quite thick and homo-
geneous. In fact, when spraying, the reactive liquid so-
lutions flow gravimetrically to the bottom side. As the
oxidation-reduction reaction of Borohydride with Cop-
per complexed ions is much slower than for Nickel ions
[19], the reaction in liquid solution flowing or drop-
ping from the top side occurs at the centre and the
bottom of the circular zone. This explains the varied
thickness of the DCP copper coating. It is important to
note that this was not observed in DCP NiB metal-
lic films even for 10 µm thick coatings [20] and it
is attributed to the extremely fast redox reaction be-
tween Borohydride and Nickel ions. Consequently, for
industrial DCP copper plating the spraying gun should
not be fixed when operating but it should rather scan

Figure 9 (a) Schematic representation of a copper plated circular zone
using DCP spraying gun. (b) XRF thickness profile from the left side to
right side and (c) from the top side to bottom side, of this circular shaped
copper film.

the surface to be plated, similarly to organic painting
processes.

Qualitative test of adhesion obtained by cross-
hatching tests (ASTM D 3359) on the plated surface
followed by a peeling operation using an adhesive tape
(ScotchTM 3M 250) indicates that metallic films are
strongly adherent to the ABS substrates up to 10 µm.
Below this thickness, surface etching and roughening
becomes necessary. A more detailed study of the adhe-
sion mechanisms should be made to better understand
the reaction at the interface of the plastic substrate. SEM
observation (Fig. 10) shows a granular microstruc-
ture and homogeneous morphology with average grain
diameter of 8 nm.
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Figure 10 SEM photo of a pure DCP copper deposit plated on a copper underlayer. ABS polymer is the base substrate.

4. Conclusion
In order to reduce the number of electroless cop-
per plating steps (catalysis step usually carried out in
SnCl2/PdCl2 mixed colloidal solutions) and to over-
come environmental problems, the copper metalliza-
tion of polymers was performed using a direct Dynamic
Chemical Plating process. The growth of copper plat-
ing film onto an under coat of NiB and Cu have been
studied and it demonstrate that a decrease of water con-
tact angles (good wettability and high surface energy)
is a crucial parameter to start DCP. The new treatment
process has its advantages in terms of electrical prop-
erties and desirable shielding effectiveness. Moreover
copper plating speed reaches 30 µm/h at room tempera-
ture which is much faster than conventional electroless
processes.

This process is suited for circuit boards manufactur-
ing and electronic equipment that need electromagnetic
shielding. As DCP uses spraying guns, it should operate
by scanning the substrate to be plated while metallizing
especially if this substrate has a complex geometrical
shape. Adhesion properties of plated films are excellent
and highly adherent films (thickness <10 µm) on non
etched ABS were obtained.
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