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Electrodeposition, structural, and corrosion properties of Cu
films from a stable deep eutectics system with additive of

ethylene diamine

Gu Changdong, You Yihui, Wang Xiuli, Tu Jiangping
(Department of Materials Science and Engineering, Zhejiang University, HangZhou 310025)

Abstract: A comparative study was carried out on the deposition mechanism, microstructure, and
corrosion resistance of Cu films electrodeposited from the base electrolyte of CuCl2-2H2O in a choline
chloride —ethylene glycol eutectic solvent with absence and presence of the additive of ethylene
diamine (EDA). The base electrolyte is unstable and produces rough Cu films with columnar grains.
Upon the introduction of EDA, the modified electrolyte becomes stable and the nucleation of Cu
deposits is strongly inhibited, thus producing a smooth and compact surface with finer grains. Uniform
corrosion and decreased corrosion current density are recognized in the fine grained Cu films.
Keywords: Electrodeposition; lonic liquids; Copper; Additive; Corrosion resistance

0 Introduction

Electrodeposition of copper is widely adopted in the electronics industry for production of
printed circuit boards, selective case hardening of steel for engineering components, and
production of electrotypes in the printing industry due to its lower electrical resistivity compared
to aluminum and decorative appearance [1-4]. Particularly, copper can act as a protective layer to
magnesium alloys and zinc alloy die-castings to allow further coatings to be applied [1, 5].
Moreover, as the grain size reduces into the nanometer range, metals usually exhibit peculiar and
interesting mechanical and physical properties, e.g. increased mechanical strength, enhanced
diffusivity, and higher specific heat compared to conventional coarse grained counterparts [6, 7].
Interestingly, when the grain size is characterized by a bimodal grain size distribution, i. e. with
micrometre-sized grains embedded inside a matrix of nanocrystalline and ultrafine grains, Cu
samples would exhibit an optimized mechanical property with a high tensile ductility and high
strength [8]. High corrosion resistance is also found for the nanocrystalline metals [9-12]. The
commercial copper electroplating is largely based on the toxic cyanic or phosphate electrolytes.
Complexing agents such as citrate, thiocyanate, and pyrophosphate have been sought as both
environment and hazards safe alternatives [13, 14]. Obviously, an environmental-friendly
electrolyte for the Cu plating would be more promising.

Room temperature ionic liquids are more advantageous media for the electrodeposition of
metals and semiconductors, and have an unprecedented potential to revolutionize electroplating
due to their wide electrochemical windows, extremely low vapour pressures, and numerous, only
partly understood, cation/anion effects [15, 16]. As many ionic liquids are environmentally
friendly, they are considered as suitable alternatives for many poisonous plating baths [17]. While
the electrodeposition of Cu film was demonstrated by using air- and water-stable ionic liquids [18,
19], issues such as toxicity, availability and cost may limit their practical use [1]. Unlike the
conventional ionic liquids, deep eutectic solvents (DESs) invented by Abbott and co-workers can
be easily prepared at low cost and with high purity [20]. A series of metal films, such as Ni, Zn, Cr,
and Cu were electrodeposited from the DES based solutions [21-23]. A recent work had
demonstrated that nanocrystalline Ni films with an average grain size of about 6 nm was
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electrodeposited from a solution of nickel chloride salt in the typical DES based solvent of choline

chloride (ChCl)—ethylene glycol (EG) at room temperature [12], while from the same solution
flower-like Ni films with superhydrophobic surfaces were obtained but at a high temperature of
about 90 °C [24]. Moreover, a series of Ni-Co alloy and porous Sn films were successfully
electrodeposited from the DES based solutions [25, 26]. Abbott and co-workers thoroughly
investigated the kinetics and thermodynamics of the electrodeposition of Cu and its composites
from a solution of CuCl2-2H20 in either ChCl—urea or ChCI—EG based ecutectic [1]. It was
reported that bright Cu coatings and composite coatings of Cu with uniformly distributed A1203
and SiC particles could be electrodeposited from this novel DES-based plating baths [1].

In aqueous plating baths complexing agents and grain-refinement additives are usually used
to produce a brighter and harder coating. However, researches on the effects of additives on the
electrodeposition in the DES based solutions are limited [23, 27]. Abbott and co-workers’ work
has indicated that the additives in the DES based solutions would much influence the nucleation
mechanism of zinc or nickel and the resultant morphologies. However, effects of additives on the
microstructure and coating corrosion properties are still deficient. From the viewpoint of material
applications, these characterizations are essential for the films fabricated from ionic liquids. Based
on this thought, this work took a comparative study on the deposition mechanism, microstructure,
and corrosion resistance of Cu films electrodeposited from the solution of CuCl2-2H20 in
ChCI—EG based solvent without and with the additive of ethylene-diamine (EDA).

1 Experimental details

ChCl [HOC2H4N(CH3)3Cl] (AR, Aladdin), EG (AR, Aladdin) and EDA (AR, Sinopharm
Chemical Reagent Co., Ltd.) were used as received. The eutectic solvent was formed by stirring
the mixture of the two components in a mol ratio of 1 ChCl:2 EG at 80 °C until a homogeneous
colourless liquid was formed. The base plating bath for Cu films is a solution of 0.45 mol/l
CuCl2-2H20 in the above eutectic solvent. The additive of EDA was added to the base plating
bath with a concentration of 1.36, 1.80 and 2.10 mol/l, respectively. The cathodic
electrodeposition of copper was performed in a two electrode cell. The anode was
copper-phosphorus alloy plate and the cathode was the polished brass foil (CuZn alloy). Copper
films were electrodeposited at a constant voltage of -0.6 V and room temperature (25+3 °C) for 2
hours without stirring process. At last the newly obtained deposits were sequentially rinsed with
methanol and deionized water.

Surface morphology of as-deposited Cu films was characterized by scanning electron
microscopy (FE-SEM, Hitachi S-4800). Cross-sectional morphology of the Cu films was observed
by an S-3400N SEM and chemical composition was analyzed with an X-ray energy dispersive
spectroscope (EDS, BRUKER AXS) attached to this SEM. The cross section of Cu film was
prepared by embedding the sample in epoxy resin and further by polishing it with abrasive cloths
to a mirror-like finish surface. Crystalline structure of the film was studied by X-ray
diffractometer (XRD, Rigaku D/max 2550PC, Japan) with a Cu target (A=1.54056 A) and a
monochronmator at 40 kV and 250 mA with the scanning rate and step being 4°/min and 0.02°,
respectively. The microstructure of the cross-sectional Cu film was also analyzed with a high
resolution transmission electronmicroscope (HR-TEM, H-800). A cross sectional TEM sample
was prepared by gluing the samples face-to-face with M-Bond 610 adhesive, and sections were cut
with a diamond saw. Then the sample was ground and polished to a final thickness of
approximately 5 um. Finally, the sample was mounted to a TEM grid and ion-milled (Gantan 691)
at gradually decreased voltages from 4.8 to 3.2 kV until a perforation formed.
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Cyclic voltammetry of the plating bath and electrochemical measurements for the Cu films

were carried out using an UIS02X computer-based electrochemical Analyzer (LabNet, China).
Cyclic voltammetry experiment was performed in a three electrode system consisting of a
platinum microelectrode (0.25 cm®), a platinum counter electrode and a silver wire quasi-reference
electrode at ambient temperature (25+3 °C) and at various scan rates. Linear sweep voltammetry
experiments were carried out in a 3.0 wt. % NaCl aqueous solution using a classic three-electrode
cell with a platinum plate as counter electrode and a saturated calomel electrode (SCE, +245 mV
vs SHE) as reference. During the potentiodynamic sweep experiments, the samples were first
immersed into 3 wt.% NaCl solution for about 30 min to stabilize the open-circuit potential.
Potentiodynamic curves were recorded by sweeping the electrode potential from a value of about
100 mV lower to a value of 200-300 mV greater than the corrosion potential, at a sweeping rate of
1 mV/s without the deaeration process. The log(i)-E curves were measured after the above
potentiodynamic sweep experiments. The corrosion potential E,, and corrosion current density
icorr Were deduced from these log(i)—E curves by Tafel region extrapolation.

Headlines of diagram and table: the headline should be placed in the middle under the
diagram, and above the table. The Chinese characters are in Song typeface, numbers and English
are in Times New Roman, and Roman characters are in Symbol. Type size: 9 points.

2 Results and discussion

2.1 Stability of plating bath

Base electrolyte 0.1 mol/1 0.3 mol/l 0.6 mol/l 0.9 mol/11.36 moll

Fig.1 Stability of the electrolyte for Cu electrodeposition. (A) Base electrolyte; (B) Base electrolyte after about 6 h
electroplating process; (C)-(G) correspond to the base electrolyte with EDA additive of 0.1, 0.3, 0.6, 0.9, and 1.36
mol/l, respectively

The fresh base plating bath of 0.45 mol/l CuCl,-2H,0 in ChCI-EG solvent is transparent and
has a dark-orange color as shown in Figure 1A. Pure Cu films with a bright appearance can be
easily electrodeposited from the fresh base electrolyte. However, after about 6 h of
electrodeposition process in the base electrolyte, the color of the solution was changed to
green-yellow and some undetermined green precipitate appeared at the bottom of the container
(see Figure 1B), which indicates that the base electrolyte for Cu electrodeposition is not as stable
as expected [1]. It should be noticed that the solution of nickel chloride salt in a ChCI-EG solvent
is very stable for a long period of electroplating process [12, 24]. The invalidation of the Cu
plating bath might be attributed to the electrochemical decomposition of chemical component in
the ChCl-based solution [28]. Therefore, additives for complexing metal ions in the Cu base
electrolyte seem to be necessary to constitute a stable DES-based plating bath for the Cu
electrodeposition. In this study, EDA was chosen to represent a stronger nitrogen containing
ligand for most transition metal ions. EDA was gradually added into the base plating bath and the
color of the plating bath correspondingly changed from yellow to dark-blue, which indicates that
EDA alters the Cu species presence in the solution. However, as indicated in Figure 1C, D, and E,
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the more additive added, the more insoluble solids in the solution appeared. Strangely, when the

concentration of EDA was further increased to 0.9 mol/l, the blue insoluble solids was abruptly
reduced by comparing Figure 1E and F. No insoluble solid was found in the plating bath when the
concentration of EDA was about 2 times as many as the concentration of CuCl,-2H,0. As shown
in Figure 1G, no any precipitation was found in the Cu plating bath with an additive of 1.36 mol/l.
Moreover, the Cu plating bath with the additive of EDA is stable enough to undergo a long period
of electrodeposition process. Therefore, in this study the concentration of EDA was chosen as 1.36,
1.80, and 2.10 mol/l to investigate the effect of EDA on the electrodeposition process of Cu.
Clearly that the solution behavior in terms of complexation presented here suggests higher
solubility for the Cu(EDA), complex. However, the mechanism underlying the strange
complexation is not clear now, and it is really an open question that deserves further investigation.

2.2 Cyclic voltammetry measurements

.\ — without additive
AN - - - 1.36 mol/l EDA
6 b 1.80 mol/l EDA
H --=+-2.10 mol/l EDA

Current density (i, nAcm?)
~
1

T T T T T
-1000 -500 0 500 1000

Potential (E vs Ag wire, mV)

Fig. 2 Cyclic voltammogram at room temperature at 5 mV/s for 0.45 mol/l CuCl,-2H,0 in 1:2 ChCL:EG and with
different concentrations of additive (EDA).

Figure 2 compares the cyclic voltammetric response of the base plating bath (i.e. 0.45 mol/l
CuCl,2H,0 in ChCI-EG solvent) in the absence and presence of EDA with a concentration of
1.36, 1.80, and 2.10 mol/l, respectively. The voltammograms obviously show the presence of
cathodic and anodic peaks that correspond to deposition and redissolution. For the base plating
bath, the voltammogram shows that there are two distinct reduction processes corresponding to the
reversible Cu(Il)/Cu(I) couple at the potential onset of +0.480 V followed by the reduction from
Cu(I) to Cu(0) at -0.374 V, which is similar to Abbott and co-workers’ work [1]. The latter
process results in metallic copper deposition with a characteristic stripping response on the anodic
scan. However, the addition of EDA to the base electrolyte has a marked effect on the cyclic
voltammetry (Figure 2). Only one couple of redox process corresponding to the copper deposition
and copper redissolution is observed. Moreover, three voltammograms present the characteristic
crossover between the currents for the positive and negative sweeps, which suggests the presence
of a nucleation and growth process [29]. Upon the introduction of 1.36 mol/l EDA to the base
electrolyte, the onset of reduction is shifted about 82 mV cathodically to -0.456 V. Further
increasing the concentration of EDA to 1.80 and 2.10 mol/l in the base electrolyte, respectively,
the onsets of Cu reduction sequentially shifted cathodically to the similar value of -0.620 V, which
suggests that in this system the EDA inhibits the initiation of Cu nucleation. Figure 2 also
indicates that the presence of the additives alters both the Cu deposition and stripping processes.
The major stripping peaks of Cu oxidation for the EDA modified electrolyte shift much anodically
compared with the base electrolyte. This may indicate that the addition of EDA in the base
electrolytes would produce a larger polarization. The difference in cyclic voltammograms should

4.
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account for the different morphology which is confirmed by the following SEM observations.

2.3 Surface morphology and chemical composition

Fig.3 Surface morphologies of the electrodeposited Cu films from the Cu base plating bath (0.45 mol/l
CuCl,-2H,0 in 1:2 ChCLEG) with different concentrations of EDA. (a) 0; (b) 1.36; (c) 1.80; (d) 2.10 mol/l. Insets
are the corresponding magnified images

Figure 3 gives the typical surface morphologies of as-deposited Cu films from the base
electrolyte in the absence (a) and presence of EDA with a concentration of 1.36 mol/l (b), 1.80
mol/l (c), and 2.10 mol/l (d), respectively. The insets are the corresponding magnified images. In
the absence of EDA, the electrodeposited Cu film is characterized by a rough surface and larger
grains with obvious edges as shown in Figure 3a. Some of about 100 nm sized grains
preferentially were grown on the protrudent points of larger grains (Inset of Figure 3a). Cracks and
holes along grain boundaries are observed on the Cu surface (Figure 3a). However, the surface
morphologies of Cu films make a pronounced improvement when the modified electrolytes with
the addition of EDA were used (Figure 3b-d). Smooth and compact surfaces with fine grain
structures can be obtained in the electrodeposited Cu films from the modified electrolyte with the
additive of EDA, which indicates that EDA might act as the grain finer for the electrodeposition.
A few spherical grain clusters with diameters of 200-300 nm are scattered on the Cu surfaces.
Moreover, it is found that the concentration of EDA has little effect on the surface morphologies
of the electrodeposited Cu films. The EDS mapping analysis (not shown here) indicates only Cu is
found in the Cu films shown in Figure 3.
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Fig. 4 SEM micrograph and EDS analysis of the cross-section of electrodepsoited Cu films on brass substrate from
the DES-based electrolyte with different concentration of EDA. (a) 0; (b) 1.36 mol/l; (¢) 1.80 mol/l; (d) 2.10 mol/L.

Figure 4 shows the SEM images incorporated with EDS analysises of the cross-section of
electrodepsoited Cu films on brass substrates from the base electrolyte in the absence (a) and
presence of EDA with a concentration of 1.36 mol/l (b), 1.80 mol/l (¢), and 2.10 mol/l (d),
respectively. It is hard to distinguish the film/substrate interface in the SEM images, which
implies that the Cu films are tightly attached to the substrate. With the aid of EDS linear
analysis as shown in Figure 4, the thickness of Cu films can be easily distinguished. The EDS
signal of C and O shown in Figure 4 comes from the epoxy resin and the Zn is originated
from the brass substrate. The Cu film electrodeposited from the base electrolyte has a
thickness of about 11.5 um (Figure 4a). However, the thicknesses of Cu films
electrodeposited from the modified electrolyte with EDA are in the range of 4.5-7.7 pm,
which is much thinner than the film obtained in the base electrolyte. It is further verified that
the addition of EDA strongly inhibits the nucleation and growth of Cu deposits.
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2.4 XRD analysis and TEM observations

Lo/l 261 (d) 2.10 M EDA
. ; ; .
L o =243 (c) 1.80 M EDA
—~ T T T T T
S LT 1:46 (b) 1.36 M EDA
©
: LJt |
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Fig. 5 XRD patterns of the as-deposited Cu films obtained from the base electrolyte (a: 0.45 mol/l CuCI2-2H20 in
1:2 ChCL:EG) and with EDA concentration of 1.36 (b), 1.80 (c), 2.10 mol/l (d), respectively. Standard XRD
reports for Cu (JCPDS 04-0836) and brass substrate (CuZn alloy: JCPDS 00-050-1333) are also shown in this
figure.

Figure 5 gives XRD patterns of the as-deposited Cu films obtained from the base electrolyte
(a) and with different EDA concentrations (b-d). Standard XRD reports for Cu (JCPDS 04-0836)
and brass substrate (CuZn alloy: JCPDS 00-050-1333) are also shown in this figure. In Figure 5,
the peaks at 43.3°, 50.4°, and 74.1° are assigned to the face-centered cubic (fcc) Cu planes of
(111), (200), and (220), respectively, which is well agree with the report of JCPDS 04-0836. The
other peaks shown in Figure 5 are assigned to the substrate (JCPDS 00-050-1333). No other
crystal phases are detected in the Cu electrodeposits. Interestingly, a strong (111) preferred texture
is found in the Cu film electrodeposited from the base plating bath, showing a much higher peak
intensity ratio of the (111) to (200) diffractions, i.e. Ii11)/l200=5.03, than that from a
polycrystalline Cu with randomly distributed grains (I(11y/I200=2.17), as indicated in Figure 5.
However, for the Cu films from the 1.80 mol/l and 2.10 mol/l EDA addition electrolytes, the (111)
texture becomes very weak (see Figure 5c¢ and d). The disappearance of (111) texture in the Cu
films obtained from the modified electrolytes indicates that the addition of EDA in the electrolyte
leads Cu grains to a randomly distribution. Finer grain structure in the Cu films as shown in Figure
3 is also suggested to be responsible for the weakening of (111) preferred texture, which is further
confirmed by TEM observations. Moreover, it seems that the I;11)/I200) decreased firstly and then
increased with increasing concentration of EDA (Figure 5b, ¢, and d), which implies that the
structure of the deposits may be manipulated by the concentration of EDA.
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Fig. 6 Cross-sectional TEM micrograph of the as-depositéd Cu films obtained from the Cu base plating bath (a)
and with 1.36 mol/l EDA (b).The corresponding SAED patterns are shown as insets. Arrows indicate the growth
direction of the deposits on the brass substrate.

Figure 6 shows the cross-sectional TEM micrograph of the as-deposited Cu films on brass
substrate from the base electrolyte in the absence (a) and presence of EDA with a concentration of
1.36 mol/l (b), respectively. The insets are selected area electron diffraction (SAED) patterns
corresponding to Figure 6a and b, respectively. As shown in Figure 6a, typically columnar grains
nearly vertically grown from the substrate can be observed, which is in agreement with the (111)
textures detected by XRD (Figure 5a). However, in the case of Ni electrodeposition, no columnar
grains were formed in the cross-section of films [12]. The indexed spot of SAED patterns in the
[011] beam direction in the inset of Figure 6a confirm the fcc structure of the Cu film with coarse
grains, which is in a good agreement with the result of XRD. Upon the introduction of 1.36 mol/l
EDA to the base electrolyte, the microstructure of Cu electrodeposits changes a lot as shown in
Figure 6b. Most importantly, columnar grains disappear. The Cu grains show a bimodal grain size
distribution that is some ultrafine grains with a size of about 80-100 nm are embedded in
submicrometre-sized grains (500-700 nm). The cleaved facets in some larger grains should be
resulted from the growth twins with a lamella thickness ranging from about 15 to 100 nm. Figure
6b also indicates that the modified Cu consists of irregular-shaped grains with random orientations
(see the SAED patterns in the inset of Figure 6b). The ring-like patterns of the SAED also confirm
the fine grain structure of the fcc Cu film. This characteristic of grain structure is expected to
deliver an optimized mechanical property [8]. The TEM observations shown in Figure 6 are well
consistent with the above SEM and XRD results (Figure 2 and 5).

2.5 Corrosion resistance property of the Cu films

Corrosion resistance of coatings is closely related to their microstructures. The microstructure
variation of those Cu films obtained from different plating baths is expected to produce different
corrosion resistance properties. Figure 7 gives the potentiodynamic polarization curves for the four
Cu films in a 3.0 wt.% NaCl aqueous solution at room temperature without stirring. The anodic
branch of polarization curve has the most important features related to the corrosion resistance.
Corrosion potential E,, and corrosion current density ico are derived from the potentiodynamic
polarization curves and summarized in Table 1. The Cu film obtained from the base electrolyte
has a Eeyr of -0.209 V and a ey of 5.7%x10° A cm™. However, the Cu films obtained from the
modified electrolytes possess a little negatively shifted E., and decreased i.or compared with the
Cu film from the base electrolyte (see Figure 7 and Table 1). In a certain sense, the corrosion
current density reflects the rate of corrosion of coatings [30]. The addition of EDA to the base
electrolyte produces the fully dense Cu films, which has a positive effect on enhancing the
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electrolyte are readily to be passivated by comparing the curves in the Figure 7. An obvious
passive phenomenon with a passive current density ranging from 9.5x10 to 1.4x10™ A-cm™ is
found in the Cu films from the modified electrolyte while not found in that from the base
electrolyte (see Table 1). At the critical potential E. of -0.128 V for 1.36 mol/l EDA addition,
-0.106 V for the 1.80 mol/l EDA addition, and -0.096 V for 2.10 mol/l EDA addition, the passive
films broke down, and the onset of pitting took place. The electrochemical behaviors of Cu films
in this study are reproducible, which indicates that the presence of the EDA in the electrolytes may
have a clear corrosion inhibiting influence for the deposits, with producing a compact and fine
grained structure on the surfaces.

—— without additive
- - - 1.36 mol/l EDA
==~ 1.80 mol/l EDA
—-=--2.10 mol/l EDA

1E-3

1E-4+

1E-5

Current density (A cm?)

1E-6

T T T
-0.4 -0.3 -0.2 -0.1 0.0

Potential (V vs.SCE)

Fig. 7 Electrochemical polarization curves of the electrodeposited Cu films from the base electrolyte and with
various concentration of EDA in 3.0 wt.% NaCl aqueous solution.

Tab. 1 Summary of the electrochemical measurements (Figure 7) of electrodeposited Cu films.
Concentration of EDA in the base Corrosion potential, Corrosion current density, Passive current density,
electrolyte (mol/l) Econ/ V ieor/ A co1 ieor/ A c1
0 -0.209 5.7x10° /
1.36 -0.220 2.2x10° 9.5x10°
1.80 0.210 2.7x10° 1.3x10°
2.10 -0.227 2.5%10° 1.4x10°
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Fig. 8 SEM mcrographs of Cu films a
Cu films obtained from the base electrolyte (a) and with EDA concentration of 1.36 (b), 1.80 (c), 2.10 mol/1 (d),
respectively.

To explore the corrosion characteristics of Cu films in the 3.0 wt.% NaCl aqueous solution,
the samples after the polarization tests of Figure 7 were examined using SEM and shown in Figure
8. Comparing Figure 8a with 3a, the Cu film obtained from the base electrolyte was severely
corroded in the CI' containing aqueous solution, where a preferential etching along grain
boundaries was recognized, resulting in the grooves in Figure 8a. EDS survey of the Cu film
shown in Figure 8a indicated that a small quantity of O (about 2.56 wt.%) was detected on the
surface, which might be that a weak oxide layer was formed during the polarization. However, this
oxide layer should be not stable enough to contribute a passivation for the Cu film revealed by the
potentiodynamic polarization curve (Figure 7). As shown in Figure 8b-c, there are plenty of
corrosion pin-holes uniformly distributed on the surfaces of Cu films obtained from the modified
electrolytes, which indicates that uniform corrosion occurs. According to the EDS analysis, only
Cu was found on the films surfaces. Therefore, the passivation of the films from the modified
electrolyte should be attributed to the fine grain structure and the low porosity in the films [10]. As
discussed above, the addition of EDA leads to a finer grain structure of Cu deposits. The high
surface fractions of grain boundaries and triple junctions of the fine grain structures could provide
an increased number of preferential attack sites and therefore disperse the corrosion current
density [10, 12]. So, the Cu films obtained from the modified electrolyte exhibit decreased
corrosion current densities compared with the Cu film obtained from the base electrolyte.

3 Conclusion

Here, we took a comparative study on the deposition mechanism, microstructure, and
electrochemical property of Cu electrodeposits from the base plating bath of CuCl,2H,0 in
ChCI—EG based eutectic solvent with absence and presence of the additive of EDA. It was found
that the base electrolyte was unstable for a long period of Cu electrodeposition process and the
as-deposited Cu film consisted of typically columnar grains with a strongly (111) preferred texture.
Upon the introduction of EDA to the base electrolyte, the nucleation and growth of Cu deposits
were strongly inhibited, thus producing a much smooth and compact surface with finer grains. All
electrodeposited Cu films from the ChCI—EG based electrolytes were pure Cu and had an fcc
crystal structure revealed by EDS and XRD analysis, respectively. Potentiodynamic polarization
measurements and SEM observations on the corroded surfaces indicated that the addition of EDA
to the base electrolyte had a positive effect on enhancing the corrosion resistance of Cu deposits.

-10 -
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