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Introduction
Narcus in 1947 first proposed electroless copper1 depo-

sition. In 1957 Cahill found the electroless copper plating
bath utilizing formaldehyde to reduce cuppric ion with so-
dium, potassium tartarate as complexing agent2. Printed cir-
cuit board hole metallization technique3,4 further promoted
the considerable improvement in electroless copper plating
technology with respect to plating rate and stability of bath.
The improvement enhanced its application fields. Electro-
less copper plating5,6 is defined as the process of chemical
reduction of cuppric ions from solution to copper atoms on
the activated substrate with the help of the reducing agent.
No current is applied in the process. It is an autocatalytic
redox reaction where the nascent copper atom deposited
act as auto catalyst, thus layer over layer deposition occurs.
The nature of plating substrate is not a criterion for electro-
less plating. Further, the electroless plating can be carried
out on substrate with any size, shape and conductivity of the
substrate. Another advantage is that it forms uniform depos-
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its irrespective of shape unlike electroplating. Hence, elec-
troless deposition is an effective tool, through which noble
metal can be plated on substrates like plastics, ceramics etc.
Further modified formulations7,8 recently developed has
shown high rate of deposition with high bath stability, thus
working under a wide operating range. Its simple technique
of forming thin metal film has emerged new way for inte-
grated circuit fabrication and electromagnetic interference
shielding. Electroless copper plating process is mainly em-
ployed for the manufacture of printed and integrated circuit
boards9–12, ultra large scale integration (ULSI) circuit appli-
cations13–16 etc.

Methane sulphonic acid (MSA) was first made available
commercially by Guertin in 196417. It is considered as a
‘green’ electrolyte due its readily biodegradable properties
and it is easy to store and transport; being environmental
friendly as no disposal problems18. The high solubility and
electrolytic conductivity property of MSA is the attractive fea-
tures for electroless plating bath19. Metallic salts like copper,
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nickel, silver, lead shows high solubility in MSA20. Further
studies have been carried out using copper methane sul-
phonate for electroless copper deposition21–23.

The plating bath mainly contains copper salt, complexing
or chelating agents24–28 for cuppric ion complex formation,
NaOH or KOH as pH adjuster and a reducing agent. In gen-
eral well established complexing agent for electroless cop-
per plating baths is ethylene diammine tetra acetic acid
(EDTA)29–31.

In this present investigation a new electroplating bath
based on DTPA as complexing agent was investigated and
the bath was compared with traditional EDTA bath. The rate
of deposition and deposited metal properties of copper elec-
troless plating is mainly governed by the complexing salt as
it performs four32,33 important functions in the plating bath:
(a) it exerts a buffering action that prevents the pH of the
bath from changing too fast, (b) prevents the precipitation of
copper ions as hydroxides since complexing agents forms
complexes with ions, (c) reduces the concentration of free
copper ions for deposition and (d) avoids powdery deposit
and improves good adherence.

Chemical reactions involved:
Electroless copper deposition takes place at pH ( >12)

with chelated metal and reducing agent.
Anodic half cell reaction:
2HCHO + 4OH– 2HCOO– + H2 + 2H2O + 2e– (1)
Cathodic half cell reaction: L denotes ligand
CuL + 2e–  Cu + L2– (2)
Overall reaction:
CuL + 2HCHO + 4OH–  Cu + 2HCOO– + H2 + L2– (3)

From the above equation we infer that one mole of deposi-
tion of copper, evolves one mole of hydrogen gas. Hydrogen
evolution is an integral part of the plating process. And it is
found that ductility of electroless plated copper (3.5%) is less
than electroplated copper (12.5–16.5%)34. This accounted
to the entrapped hydrogen molecule in the copper film, as
interstitial atom or gas bubbles35.

The hydrogen embrittlement leads to change in property
like decrease in ductility, tensile strength and density of the
deposit. Deposited copper shows a density of 8.861±0.01236,
which is less than bulk copper 8.92. Hydrogen occlusion is
reported to be high on copper surface than on plastic sur-

faces37. Okinaka et al.36 observed two types of hydrogen
occlusion viz. diffusible hydrogen and residual hydrogen, in
which the residual hydrogen can be removed by annealing
at lower temperature of 150ºC for 24 h, which improves duc-
tility (6.5%) of the deposits. No change in residual hydrogen
is found. It is also observed that with time (6 months) the
ductility of copper film increases due to diffusion of copper
by interstitial mechanism out of copper film38. Thus the plated
surface need to be annealed before using it as PCB. The
ductility in the range of 4–7% elongation are characterized
by crack free deposits39. The ductility of the deposits can be
increased by the addition of stabilizer, which reduces plating
rate40. Thus pore, void and crack free deposit is observed in
electroless copper deposition. Thin film of copper deposits
having ductility in the above said range is acceptable for PCB
industries.

Experimental
Preparation of stock solution:
To prepare copper methane sulphonate, about 50 g of

copper carbonate is weighed and taken in a 500 ml beaker.
To this required quantity of methane sulphonic acid is added
and approximately 100 ml of water is added and stirred until
CO2 is expelled completely. The suspended impurities
present in the solution were removed by filtration. The solu-
tion is then made upto 500 ml with distilled water in a stan-
dard measuring flask. The solution was stored in a clean
closed container. The stock solution was analyzed for the
copper methane sulphonate concentration iodometrically.

Pretreatment of substrate:
The substrate surface pretreatment is essential to en-

sure good adherence and pore free deposits. In addition to
above requirement the surface need to be pretreated to ac-
tivate the surface for metal reduction reaction preferentially
to take place on the substrate surface.

In the present study, the following procedure is followed
for pretreatment of copper panel of size 1 sq. inch (both sides)
as shown in Fig. 3.

The substrate rubbed with emery to remove oxide layer
on the copper surface. It is degreased to remove oil/grease
dirt from the surface to ensure adherence. The substrate it
dipped in acidified PdCl2 solution for 30 s for activating the
surface. Here the Pd ions get adsorbed on to the surface.
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The panel is washed thoroughly to ensure the removal of
any excess Pd ion, otherwise it may lead to bath decomposi-
tion. Now the substrate is ready for plating.

The following compounds calcium carbonate, methane
sulphonic acid, thiourea, DTPA and EDTA, A.R. grade were
used in the present study. The structure of DPTA is given
below.

NaOH to adjust pH.
Experiments were performed at various pH and various

concentration of copper. The pretreated and pre weighed
panel is immersed in bath for half an hour. The plated panel
is removed washed with distilled water, dried and weighed.
The rate of plating is calculated from the weight gain of cop-
per deposition. The deposition rate is calculated by using
the gravimetric formula.

Rate of deposition (m h–1) = Wx104/DAt,
where W = weight gain of the deposit (g) D = deposit metal
density (g cm–3); t = plating period (h); A = deposited surface
of the panel (cm2). Copper specimens of dimensions 2.5x2.5
cm2 were employed for weight gain experiment.

Results and discussion
Effect of pH:
The plating was performed at room temperature in vari-

ous pH ranges 12, 12.5, 13, 13.5 and rate of deposition were
calculated and tabulated in Table 1. Both for EDTA and DTPA
the rate of electroless plating showed an increase with rise
in pH and the bath were also stable. The bath containing
EDTA decomposed at pH 13.5 while plating and the bath
containing DTPA had some copper nucleation on the wall’s
of beaker which decomposed when kept overnight. This in-
dicates DTPA is more stabilizing the bath than EDTA. This
behavior can be accounted with the number of ligands it pos-
sesses. DTPA being octadentate in nature complexes Cu2+

ion better than EDTA being hexadentate. The stability con-
stant of Cu2+ ion with EDTA is 18 and DTPA is 2141.

With DTPA as complexing agent, it is found that the depo-
sition rate is greater than the EDTA with better bath stability
proving itself to be a good complexing agent for electroless
plating. Yi-mao lin and Shi-chern yen42 in their studies have

Fig. 1. Structure of DTPA.

Fig. 2. Structure of Cu-DTPA complex.

Fig. 3. Procedure for plating.

The optimized bath used in the present study has the
following composition.

Copper methane sulphonate – 12 g/L; DTPA – 20 g/L;
formaldehyde – 10 g/L;

Table 1. Rate of copper electroless plating process with pH, at
room temperature 28±0.2ºC

EDTA DTPA
Rate of deposition Stability of bath Rate of plating Stability of bath
(mm h–1) (mm h–1)
0.53 Stable 0.71 Stable
2.11 Stable 2.50 Stable
3.33 Stable 3.87 Stable
3.52 Decomposes 4.07 Less stable
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shown that EDTA has better plating rate than ethylene di-
amine. This is due to better adsorption of ethylene diamine
on the plating surface, hence retarding plating with similar
analogy DTPA being larger molecule the degree of adsorp-
tion is less compared to EDTA on the metal surface, hence
rate of deposition is higher for DTPA.

pH affects copper electroless deposition in two distinct
ways. First, OH– ions from eq. (3) act as reactants in the
overall reaction and for the partial anodic oxidation reaction
from eq. (1) and thus base influence these electroless depo-
sition reactions directly (primary pH effects). In the second
way, pH affects various phenomena including (i) adsorption,
(ii) the structure of the double layer, (iii) the structure of the
copper species in the solution, and (iv) the ionic strength of
the solution in an indirect way (secondary pH effects). The
primary pH effect is generally expressed graphically as rate
of deposition against pH43.

Plots of the experimentally observed plating rates against
pH show a linear increase initially with a rise of pH with EDTA
and DTPA as complexing agent. Above a pH of 13 the rate
curve flattens and the bath decomposes. DTPA showing a
higher rate of deposition which shows better complexing
ability.

Influence of copper ions concentration:
The plating was performed by varying the copper ions

concentration and the results were shown in Fig. 4. It is found
that as the copper ions concentration is increased the rate of
deposition increases sharply, but beyond certain concentra-
tion, the bath becomes turbid due to the hydrolysis of Cu2+

ions. It was found that the rate of deposition found to in-
crease with increase in copper ions from 1 g/L to 5 g/L in
DTPA and EDTA bath (Fig. 4). With 1 g/L of copper ion in
bath gave a non-uniform deposit i.e. patches of copper de-
posits were observed this is due to insufficient Cu2+ ion avail-
able for plating in the bath. Deposit quality is improved in 2
and 3 g/L with excellent bath stability. Cu2+ ion with 4 g/L
shows poor deposit qualities like partially powdery deposits
in both the baths due to higher concentration of copper ion.
5 g/L of Cu2+ ion shows poor deposit quality as well as poor
stability of bath. So the concentration of copper(II) ion was
fixed as 3 g/L for further studies. The Fig. 4 shows that DPTA
has better deposition rate than EDTA.

Influence of additive on deposition rate:
The electroless plating rate of the copper with the thio-

urea (TU) addition at different concentrations is presented in
Fig. 5. It is observed that the deposition rate of the electro-
less plating process found to increase with the concentra-
tion. The curve flattens at higher range indicating that higher
concentration it stabilizes the bath. The additive like TU im-
proves the bath stability and also in certain baths accelerate
the process at lower concentration and inhibits by its ad-
sorption at the metallic surface44,45 at higher concentration.
Thiourea (TU) has three coordination centers possessing lone
pair of electron viz. two N and one S atom, which get ad-
sorb46,47 to the substrate surface either inhibits or acceler-
ates the process. Han Keping et al.44 proved through XPS
analysis that S acts as the dominating coordination center
and it can act as an accelerator or inhibitor. In DTPA and
EDTA bath thiourea initially accelerate and moves towards
stability on increase of concentration. The effect of thiourea

Fig. 4. Rate of copper deposition with varying concentration of cop-
per ions.

Fig. 5. Copper deposition rate with varying concentration of thiourea.
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on both the bath is same, DTPA bath showing increase in
rate of deposition than EDTA bath.

X-Ray diffraction (XRD) patterns:
The XRD plot for the copper deposit for thiourea free bath

and with thiourea of copper methane sulphonate bath is
shown in Fig. 6. The XRD plot shows that the major orienta-
tion of copper atom is (200) plane for plain bath and TU added
bath; the sharp peak indicates crystalline nature of copper
deposit48.

tive free bath. This is due to slowing of the deposition rate.
The crystals are organized uniformly and produce smooth
deposition on addition of thiourea. The deposits were pore,
crack and blister free indicating minimum hydrogen occlu-
sion. The adherence of copper deposits is generally tested
with hand scratch test. The deposits showed good adher-
ence.

Conclusions
In the present work a new plating bath was formulated

and the bath composition and operating conditions were
determined in DTPA bath and coherent copper deposits are
obtained. As compared with the traditional EDTA plating bath
it has equivalent rate of deposition and the following results
were obtained:

(i) The cupric ion concentration has an effect on deposi-
tion rate, an increase in free ion increase the rate of deposi-
tion but bath stability decreased due to availability of free ion
to decompose the bath easily.

(ii) The electroless copper deposition rate is better at 12.5–
13 pH. Above a pH of 13 bath is unstable.

(iii) Thiourea acts both as accelerator and stabilizer in
the electroless copper bath at lower concentration.

(iv) The optimum bath formulated for DTPA bath can be
fixed as 12.5–13.0 pH and cuppric ion concentration as 3 g/
L and bath stability and rate is increased.

(v) The study can be further extended by combining the
DTPA as a promising complexing agent for electroless cop-
per deposition.
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