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In this article, electrochemical deposition of the nanocrystalline Cu1�xZnx alloys on to
aluminum substrates from a non-cyanide citrate electrolyte at 52.5, 105, 157.5, and 210 A m�2

current densities were described. The bath solution of the Cu1�xZnx alloys consisted of 0.08
mol L�1 CuSO4Æ5H2O, 0.2 mol L�1 ZnSO4Æ7H2O, and 0.5 mol L�1 Na3C6H5O7. The effect of
the current density on the microstrain, grainsize, phase structure, and DC electrical resistivity
behavior was investigated. The electrolyte was investigated electrochemically by cyclic
voltammetry (CV) studies. A scanning electron microscope (SEM) was used to study the
morphologies of the deposits. Deposited alloys were investigated by energy-dispersive X-ray
spectroscopy (EDX), X-ray diffraction (XRD), and four-point probe electrical resistivity
techniques. With an increase in applied current density values from 52.5 to 210 A m�2, the
amount of deposited copper in the alloy was decreased significantly from 65.5 to 16.6 pct and
zinc increased from 34.4 to 83.4 pct. An increase in the current density was accompanied by an
increase in grain size values from 65 to 95 nm. SEM observations indicated that the morphology
of the film surface was modified to bigger grained nanostructures by increasing the current
density. The XRD analysis showed alloys have a body-centered cubic (bcc) crystal structure
with preferential planes of (110) and (211). Furthermore, four-point measurements of the films
revealed that the resistivity of the deposited films was tailored by varying current densities in the
electrolyte.
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I. INTRODUCTION

THERE are many technological processes to fabri-
cate metallic alloy thin films. Electrodeposition is the
most commonly used one due to technical and environ-
mental advantages. The electrochemical deposition
method has some considerable benefits such as low-cost,
convenience and allows for controlling of multiple
experimental parameters. Improved performance of
the electrodeposited alloys mainly depends on the
controlled deposition parameters. The mechanism of
the growth and nucleation of the alloys as well as their
homogeneity in the metal matrix can be modified by
many parameters such as electrolyte composition, elec-
trode design, pH, the electrolyte type, applied potential,
deposition temperature, type of the counter electrode,
and the applied current density.[1] Area of the anodic
current density can be controlled by adjusting geometry
and location of the anode (electrode).[2]

Being an interesting material, Cu-Zn alloys have
widely been studied as a coating material over the last
two decades due to superior properties. Consisting of a

great number of features of the Zn alloys, especially
Cu-Zn alloys, are very attractive materials for industrial
applications, such as corrosion protection of steel,
adhesion to steel, decorative values, and as electrodes
for batteries.[3]

Old commercial electrodeposition methods for depo-
sition of the Cu-Zn thin film alloys in cyanide-based
electrolytes produces useful coatings, but usage and
disposal of the cyanide is not practical and environ-
mental pollutions emerge.[4] Hence, a great effort has
been made in research of the reasonable alternative
electrolytes.[4–16] These non-cyanide baths have been
resulted fabrication of the satisfactory depositions.
Because of the low reproducibility, poor adhesion, and
unusual colorations problems, non-cyanide baths have
not been accepted in a commercial manner. Some
researchers designed a cyanide-free alkaline Cu–Zn
electrolyte with sorbitol as the complexing agent.[4]

Most of these reports have revolved around electrolytic
solutions of glycerol,[5–7] sorbitol,[7] glucoheptonate,[8]

pyrophosphate,[9,10] citrate-based cysteine and benzotri-
azole,[11] tartrate,[12,13] ionic-liquid choline acetate,[14]

trilonate,[15] D-mannitol,[7,16] glycine,[17,18] gluconate-sul-
fate,[19] and citrate.[20–24] Among them, citrate baths
were used in the electrodeposition of the Cu,[25] Zn,[26]

and Cu-Zn alloys[27,28] because ligands of the citrate ions
have low molecular mass.[29] It is possible to deposit
excellent Cu-Zn alloy coatings from citrate-based elec-
trolytes.[11] Several papers reported that optimization of
the plating conditions for Cu-Zn alloys depends on the
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nature and type of particle to be co-deposited, particle
size, zeta potential, bath type, etc [4,11,28–33]

This article reports the effect of current density on the
elemental content, microstructure, electrochemical
properties, electrical resistivity, morphology, and phases
of the deposited alloys as a plating parameter. The study
is based on using a simple aqueous acidic sulfate
solution as the plating bath. The acidic plating bath is
easy to prepare and control, and it allows for investi-
gating the effect of various coating parameters. In the
process control, the information about the grain size of
materials is very important. This method may be useful
to predict and/or control multiple deposit properties like
visual appearance, deposit stress, electrical properties,
etc. To develop an understanding of the role of the
applied current density, as an electrodeposition param-
eter, the coating structure is investigated.

II. EXPERIMENTAL DETAILS

Cu1�xZnx alloys were deposited on aluminum sub-
strates from citrate and non-cyanide citrate baths at
various current densities. Electrodeposition of the
Cu-Zn alloy thin films was performed at four different
current densities of 52.5, 105, 157.5, and 210 A m�2 in a
traditional glassy cell (nonstirred) to investigate the
effects of current intensity. The pH of all bath solutions
was adjusted to 5.8. Experimental deposition parameters
and bath compositions of the Cu-Zn alloys are shown in
Table I.

All plating baths were prepared from high-purity
chemicals and double-purified water. Commercially
provided aluminum plates were used as substrates. The
reference electrode was a saturated calomel electrode
(SCE), and the counterelectrode was a platinum wire.
Prior to the deposition, the aluminum substrates were
glossed, degreased, and activated by dipping in a 1-mol
L�1 NaOH surfactant at 343 K (70 �C) during 5 minutes
and finally rinsed to the double-purified water (18 MX
cm) and dehydrated with fresh air. The pH values were
adjusted with sodium hydroxide or sulfuric acid (Hanna
Scientific pH-meter). The coatings were deposited on
aluminum substrates, which were subsequently stripped
from the films by using 10 pct NaOH solution. The
reason for selection of the aluminum substrates was to
remove Cu-Zn films easily from substrates for the
electrical resistivity measurements to eliminate the effect
of substrate resistivity. Thickness of the films was
approximately 1 lm. Cyclic voltammetry experiments

were performed at 10 mV s�1 by scanning initially
positive toward negative potentials. The applied poten-
tials were recorded from +0.5 V vs SCE (beginning
voltage) to �1.6 V and then completed at +0.5 V vs
SCE to show the reaction of the substrate under the
positive and negative polarizations.
The crystallographic structure of the Cu-Zn alloys

was analyzed with a Rigaku diffractometer.[34] The
X-ray diffractometer (XRD) was performed at 30 mA
and 30 kV, with a 2h range of 20 to 90 deg using CuKa
radiation at a rate of 0.05 deg, 2h/0.5 seconds.
The surface morphology of the samples was observed

using a scanning electron microscope (SEM, JEOL
JSM-5500LV, Japan) under 10,000 times magnification.
XRD measurements and EDX analysis were performed
to the thin films deposited at 52.5, 105, 157.5, and 210 A
m�2 current densities.
Electrical resistivity experiments for the thin films

deposited at 52.5, 105, 157.5, and 210 A m�2 were
performed with the four-point technique[35] using a
Keithley 2400 current–voltage source at a temperature
range of 100 K to 400 K (�173 �C to 127 �C).
Experiments were performed using two methods: a
Janis liquid nitrogen-cooled and a closed-cycle helium
refrigerator. The temperatures of the thin films were
accurately monitored and controlled with a Lake Shore
331 temperature controller. Thin films were cut in the
form of squares for measurements. Electrical contacts
were performed using a silver paint.

III. RESULTS AND DISCUSSION

A. Cu1�xZnx Platings

Cyclic voltammetry studies were performed for char-
acterization of the Cu-Zn electrolyte. Figure 1 shows the
voltammetric responses of aqueous solutions at pH 5.8
and temperature of 293 K (20 �C) containing Cu, Zn
ions with trisodium citrate on the aluminum substrate.
As shown in Figure 1, the anodic part in the cyclic
voltammogram comprise one anodic current peak for
thin film. This also shows that the thin film dissolution
occurs under 1-V value. In general, the anodic process
shows an anodic dissolution peak at 101 mV vs SCE. To
deposit an alloy composed of Cu and Zn, the electrode
must be set at a potential value where both copper and
zinc are reduced.
The current density is fully stable between �0.4 and

�1.2 V vs SCE. This stability is a sign of the successfully
aerated plating bath. No current was observed until the

Table I. Electrolyte Composition and Deposition Conditions of the Cu-Zn Alloys Electrodeposited on Aluminum Substrate at pH

5.8 and 293.15 K (20 �C) Different Current Densities for One Hour

Sample

Electrolyte Composition (mol L�1)

Current Density (A m�2)
Aluminum

CuSO4Æ5H2O ZnSO4Æ7H2O Na3C6H5O7 Substrate (cm2)

Cu66Zn34 0.08 0.2 0.5 52.5 3.8
Cu47Zn53 105
Cu43Zn57 157.5
Cu17Zn83 210
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applied potential value reaches �1.15 V. For higher
potential values than �1.15 V, the cathodic current
begins to increase and forms the cathodic peak at a
potential that depends on the condition of the elec-
trolyte.[36] At this potential, both copper and zinc are
co-discharged, and the alloy compositions consist of the
partial currents of copper and zinc.

The cathodic reactions are:

Cu2þ þ 2e� ! Cu0 ½1�

Zn2þ þ 2e� ! Zn0 ½2�

The sharp increase in the current density at the
potential values more negative than �1.5 V can be
associated with a hydrogen evolution. On the reversal
sweep, the cathodic current decreases slowly toward zero;
after that, the anodic current starts to increase. Increase of
the potential value in themore positive direction results in
formation of an anodic peak as a consequence of the
reaction.[37] After that, metallic copper finishes its oxida-
tive dissolution and current density decreases reaching a
plateau at zero. In the anodic direction, a potential value
is reached close to the equilibrium potential of the Cu/
Cu2+. When the potential sweep is reversed, a hysteresis
appears. Probably this crossover is related to the nucle-
ation construction on the substrate.

B. The Effect of Applied Current on Electrodeposition of
the Alloys

For co-deposition of the Cu-Zn alloys, diffusion plays
a dominant role at the electrodeposition of the Cu and
activation is the main factor for electrodeposition of the
Zn.[38] Increase in the current density results in an
increase in cathodic overpotential and electron reaction
velocity in the electrolyte. Generally, an increase in the
reaction velocity results in an increase in the zinc content
and in a decrease in the Cu content in the film.
According to Brenner, increasing of the less noble metal
(zinc) deposition mechanism can be explained with an
increase in the current density.[6] Probably an increase in
the current density results in more negative cathode
potential, which makes electrodeposition more easy.

With increasing of the current density, the less noble
metal (zinc) begins to deposit more preferentially. The
relationship between copper content in the deposited
alloy and the cathodic current density is indicated in
Figure 2. It can be seen that a significant decrease in the
copper content is observed with the increase of the
current density. The Cu content in the Cu-Zn alloy
changed in a range of 65.55 to 16.62 pct for higher
current densities, despite the fact that the amount of
Cu2+ ion concentration in the bath composition
remains the same.[38] This electrodeposition process is
described as a regular alloy plating process.
The thin film compositions were designated by means

of an energy-dispersive X-ray spectrometer (EDX). The
EDX measurements were applied to the five different
points of the films, and an average of these values was
calculated. EDX analysis results of the deposited thin
films were shown in Table II.
The various fabrication conditions performed in this

study resulted in formation of alloys including different
Zn and Cu amounts at different current densities.
Probably an increase in the current density favored the
formation of Zn nuclei, and thus, further growth of Cu
particles was prevented.

C. XRD Analyses

The crystalline structure of the electrodeposited
Cu-Zn films was analyzed by XRD experiments. The
dominant peaks were used for all calculations. Figure 3
shows the XRD analysis results of the Cu1�xZnx thin
films deposited at varying current densities. The crystal
orientation of an electrodeposit film is based on the
deposition parameters,[39,40] such as temperature, bath
composition, current density, rinsing bath, and pH.
Cu-Zn alloys including a high rate of zinc content
comprises the a, b, and c phases.[16] Most peaks are
sharp and well defined, indicating that coatings with a
crystalline structure were obtained. From the XRD
measurements of the alloys, alpha (a), beta (b), and
gamma (c) structure phases were detected. Both the a
and c phases were detected together for films deposited
at current densities of 52.5, 105, and 210 A m�2. Phases
a, b, and c were obtained from films deposited at the
current density of 210 A m�2.

Fig. 1—Cyclic voltammograms for the system: aluminum substrate
0.2 (ZnSO4Æ7H2O), 0.08 (CuSO4Æ5H2O), 0.5 mol L�1 (Na3C6H5O7),
pH 5.8, temperature 293.15 K (20 �C), and scan rate 10 mV sn�1.

Fig. 2—EDX analysis results of the thin films deposited at varying
current densities.
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It is found that the intensities of (110) and (211) peaks
are much higher than the other peaks, which indicates
that these peaks are preferential crystal planes of the
coatings. As seen in Figure 3, an increase of the current
density toward 157.5 A m�2 caused a great increase in
the peak intensities of (110) and (211). But this behavior
reversed for further increase of the current density.
Relatively high current densities (210 A m�2) caused a
decrease in the peak intensities of (110) and (211).[16,32]

XRD analyses results exhibited that the crystalline
quality of the films first was increased suddenly with
an increase in current density and then further decreased
slightly after a critical point of the current.

XRD analysis peaks of the deposited alloys suggested
the Cu-Zn alloys are in body-centered cubic (bcc) form
and b phases. This result is in accordance with a
previous study by Chen et al.[40] The X-ray diffraction
patterns of the Cu-Zn deposits exhibit a preferred
orientation along the (111), (110), (200), (211), and (220)
planes. With increase in the applied current density, the
amount of copper in the alloy is reduced while the
amount of the zinc is increased. Depending on the
amount of applied current density, the phase structure
of the film is shifted from a to c. This change in the
sample is caused by the change in the ratio of copper
and zinc.

Calculated lattice parameters, average grain size,
microstrain, and X-ray density x values as a function

of Cu and Zn concentration of the thin films are given in
Table III. The grain size of the deposited thin films was
calculated by Scherrer’s formula (Eq. [3]) by using the
peak width at the half maximum (b):

D ¼ 0:9k
b cos h

½3�

where D is grain size, b is full width at half maximum, k
is wavelength of X-ray, and h is the diffraction
angle.[41,42]

Determining the exact effect of the current density on
the grain size of the deposits is a complex problem due
to the complexity of the electrodeposition mechanism.
The charge transfer, electrochemical reactions, and
cluster growth mechanisms are the main factors in
electrodeposition. The effects of the current density are
to a great extent complementary; by agitating the
electrolyte, higher current values can be used before
coarse coatings are formed. The average crystallite size
of the Cu-Zn alloys increased and microstrain decreased
with the increase of current densities.[43] As shown in
Figures 4 and 5, the lattice parameters decreased from
0.285 to 0.254 nm with an increase in the Zn content of
the film from 34 to 83 pct for the Cu-Zn alloys. The
microstrain of thin films were calculated by using the
following relations:[44]

e ¼ b � cos h
4

½4�

The microstrains (e) for preferential orientation were
calculated using Eq. [4]. The microstrains were found to
be within the range of approximately 0.111 to 0.171 as
seen in Figure 6.
The X-ray densities of the alloys were obtained using

Eq. [5]:[45]

q ¼ 2M

Naa3
½5�

where M is the molecular weight of the alloys, Na is
Avogadro’s number, a is the lattice parameter, and 2 is
the number of molecules in the unit cell. According to
the calculations, the X-ray density increased from 9.21
to 13.19 g/cm3 with an increase in the applied current
density. It is suggested that X-ray density is contingent
on the lattice parameters. As shown in Table III, a
decrease in the lattice parameters was observed after an
increase of the Zn content accompanied by an increase
in the corresponding X-ray density.

Table II. EDX Analysis Results According to Applied Current Density Values

Current Density (A m�2)

Electrolyte Composition Film Composition

Thin Films Cu (Pct) Zn (Pct) Cu (Pct) Zn (Pct)

Cu66Zn34 52.5 28.57 71.43 65.55 34.45
Cu47Zn53 105 47.31 52.69
Cu43Zn57 157.5 43.33 56.67
Cu17Zn83 210 16.62 83.38

Fig. 3—XRD analysis results of the Cu1�xZnx thin films deposited
at varying current densities.
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As expected, both microstrain and dislocation density
behaviors of the films are in reverse manner with the
grain size. According to XRD patterns, a shift in peak

positions was observed toward values lower than 2, with
increasing of the current density. This shift indicates a
decrease in the lattice strains of the structures.

D. The Effect of Current on the Morphology of the
Coated Alloys

Figure 7 displays the surface morphology of the
alloys deposited at different current densities of 52.5,
105, 157.5, and 210 A m�2. According to the morphol-
ogy studies, it is observed that the grain structure of the
electrodeposited Cu-Zn coatings is influenced by applied
current density.
There is a strict correlation between current densities

and formation of the coating. An increase in the current
density affects the grain formation from small to bigger
grained crystallites as a result of deposition rates. A
considerable change in the shape of the crystallites was
also observed with the higher current densities. As the
applied current density increased from 52.5 to 210 A
m�2, the grain size of the electrodeposited Cu-Zn was
also increased. For coatings deposited at 105 and 157.5
A m�2, the apparent grain size is increased slightly
compared with the alloys deposited at 52.5 and 105 A
m�2. As the current density increases up to 157.5 A m�2,
larger grains are observed on the surface of the coating.
The increased grain size might be a result of hydrogen
evolution, which was observed at the surface of the
coating during depositing with current density values of
higher than 105 A m�2. Increasing of hydrogen evolu-
tion levels may hinder the adsorption of the plating
additives onto the film during deposition results to
increased grain size. Hydrogen evolution may also
increase mass transport and improve grain growth
rather than fresh nucleation.[46] Some studies showed
that fine-grained, smooth, and compact deposits of the
alloys are obtained by the addition of sodium citrate.[47]

Ferreira et al. observed that shiny coatings whose colors
vary from red to yellow-reddish electrodeposits were
obtained at equal or higher than 0.5 mol L�1 containing
citrate bath sodium citrate concentrations.[21]

E. Electrical Resistivity Measurements

The electrical resistivity values of the thin films
deposited with the various current densities were calcu-
lated with a four-point measurement method. The
electrical resistivity measurements were performed in a
temperature range of 100 K to 350 K (�173 �C to 77
�C). Measured resistivity values of the films were
graphed as a function of temperature in Figure 8. The

Table III. Calculated Grain Size, Microstrain, Lattice Parameter, and X-ray Density of the ZnCu

Alloys from XRD Measurements

Alloys 2h (Degrees) d (Å)
Intensity
(Cps) FWHM

Microstrain
(e)

Grainsize
(D) (nm)

Lattice
(a) (nm)

X-ray Density
q (g/cm3)

Cu66Zn34 43.200 2.0925 188 0.501 0.155 76 0.285 9.21
Cu47Zn53 43.149 2.0948 402 0.582 0.171 66 0.269 11.01
Cu43Zn57 43.147 2.0949 1729 0.429 0.126 89 0.268 11.15
Cu17Zn83 43.096 2.0973 1280 0.402 0.111 95 0.254 13.19

Fig. 4—Effect of applied current density on the grain size.

Fig. 5—Effect of applied current density on the lattice parameter.

Fig. 6—Effect of applied current density on the microstrain.
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figure displayed the effect of applied current density on
the electrical resistivity at various temperatures. This
technique can make microstructural characterization
and detect different microstructural features of the
alloys by analyzing resistivity. According to analysis
results, the highest resistivity was observed for the
Cu17Zn83 alloy (deposited at 210 A m�2) and the
smallest one was detected for the Cu47Zn53 alloy
(deposited at 105 A m�2). There is a significant increase
in the resistivity values above a critical temperature

value of 100 K (�173 �C). This behavior can be assigned
to the phonon scattering of the conduction electrons.[48]

The increased resistivity with the current density is
probably a result of increasing disorder, caused by a
higher Zn amount in the alloy,[49] which contributes to
the increasing electron scattering results increasing
resistivity.[50] The resistance of the films decreased with
the decrease of temperature, suggesting that the electri-
cal transport mechanism is metallic. In metals, one can
usually identify several scattering mechanisms at the low

Fig. 7—SEM images of the (a) Cu66Zn34 alloy, (b) Cu47Zn53 alloy, (c) Cu43Zn57 alloy, and (d) Cu17Zn83 alloy.

Fig. 8—Effect of the temperature on the electrical resistivity of the alloys deposited at various current densities.
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temperatures: phonons, magnons, and electron–electron
scattering, each giving rise to different power-law
temperature dependences.[51]

All deposited films exhibited a positive tempera-
ture-coefficient (PTC) resistivity. This indicates an
important role of lattice vibrations for the temperature
dependence of electrical resistivity.[48–52] The most
interesting behavior of PTC materials is their higher
electrical resistivity at higher temperatures. The PTC
effect is related to the grain boundary effect. As a
consequence of lower grain size values, an increase in the
number of grain boundaries and a decrease in the
average voltage across the single-grain boundary will be
observed. Hence, the total value of the breakdown
voltage increases.[53] Obtained residual resistivity values
of the films are 0.00056, 0.0012, 0.0017, and 0.0024 lX
cm for the Cu66Zn34 (52.5 A m�2), Cu47Zn53 (105A
m�2), Cu43Zn57 (157.5 A m�2), and Cu17Zn83 (210 A
m�2) alloys, respectively. Decrease of the copper in the

film from the 66 pct to 17 pct caused an increase in the
obtained residual resistivity. The total increase in the
resistivity from 100 K to 350 K (�173 �C to 77 �C) was
calculated by the following equation:

R ¼ ðq350K þ q100KÞ=q100K ½6�

Calculated values are 58.3, 50.4, 48.6, and 29.7 pct for
the films deposited at a current density of 52.5, 105,
157.5, and 210 A m�2, respectively. Copper exhibits
slightly higher values than the zinc, which may be
attributed to the grain boundaries in the sample that act
as an additional scattering center. Taslimi et al. obtained
similar results for metallic CoFe alloys.[54]

Figure 9 shows the effect of applied current density vs
analysis temperature on the electrical resistivity. The
electrical resistivity vs Cu amount in the alloy is
displayed in Figure 10. The resistivity increased with
the increase of applied current densities.[55] Figure 9

Fig. 9—Effect of the current density on the electrical resistivity at various temperatures.

Fig. 10—Effect of the Cu content on the electrical resistivity at various temperatures.

METALLURGICAL AND MATERIALS TRANSACTIONS A VOLUME 47A, NOVEMBER 2016—5615



indicated a strong relationship between the resistivity
and composition of the films. The electrical resistivity
values increased with Cu concentrations in the films.
This strong dependence on the composition can be
related to the densities of states.

IV. CONCLUSIONS

The effect of the applied current density on the
physical and the structural properties of the Cu-Zn films
deposited was investigated. The results of the study
revealed that the applied current density in electrode-
position affects the phase structure, grain size, micros-
train, and electrical resistivity of the deposited Cu-Zn
alloys. According to XRD analysis results, deposited
Cu-Zn films have a crystalline structure with the
presence of bcc (a + b), b, and (b + c) phases. A
change in the crystalline structure of the film was
observed with a change in the applied current density.
While the intensity of the main Cu-Zn b (111) peak
increased with an increase of the current density from
52.5 to 105 A m�2, the intensity of the bcc Cu-Zn c (110)
peak decreased. The crystallite size of the films
decreased with the increasing applied current density.
The most interesting result was the increase of the Zn
content in the deposited alloys with an increase of the
applied current density according to compositional
analysis. SEM analysis indicated the surface morphol-
ogy of Cu-Zn films is also affected from the applied
current density. According to the four-probe measure-
ments, the electrical resistivity of the films increased with
an increase of the current density, which probably
resulted in an increase of the disorder due to higher Zn
content of the alloy. Results of this study indicate that
properties of the alloy films can be controlled by
controlling the electrodeposition parameters. Further
studies can lead to fabricate alloys with desired prop-
erties with a controlled electrodeposition method.
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Smontara, Z. Jagličić, M. Heggen, and M. Feuerbacher: Inter-
metallics, 2007, vol. 15, pp. 1367–76.

49. D.C. Leitao, C.T. Sousa, J. Ventura, J.S. Amaral, F. Carpinteiro,
K.R. Pirota, M. Vazquez, J.B. Sousa, and J.P. Araujo: J. Non-
Cryst. Solids, 2008, vol. 354, pp. 5241–43.

50. V. Chaudhari, S.E. Shirsath, M.L. Mane, R.H. Kadam, S.B.
Shelke, and D.R. Mane: J. Alloy. Compd., 2013, vol. 549,
pp. 213–20.

51. A. Gerber, A. Milner, I.Y. Korenblit, M. Karpovsky, A.
Gladkikh, and A. Sulpice: Phys. Rev. B, 1998, vol. 57, p. 13667.

52. I.H. Karahan, O. Karabulut, and U. Alver: Phys. Scripta, 2009,
vol. 79, p. 055801V.

53. D.H. Kim, I.K. Park, W.S. Um, and H.G. Kim: Jpn. J. Appl.
Phys., 1995, vol. 34, pp. 4862–69.

54. H. Taslimi, M.H. Sohi, S. Mehrizi, and M. Saremi: J. Mater. Sci.,
2015, vol. 26, pp. 2962–68.

55. C.M. Lee, S.M. Hwanga, G.C. Parka, J.C. Kima, J.H. Lima, J.
Joo, S.-B. Junga, and Y.S. Kim: Curr. Appl. Phys., 2011, vol. 11
(4), pp. S128–31.

METALLURGICAL AND MATERIALS TRANSACTIONS A VOLUME 47A, NOVEMBER 2016—5617


	A Study on the Electrodeposited Cu-Zn Alloy Thin Films
	Abstract
	Introduction
	Experimental Details
	Results and Discussion
	Cu1minusxZnx Platings
	The Effect of Applied Current on Electrodeposition of the Alloys
	XRD Analyses
	The Effect of Current on the Morphology of the Coated Alloys
	Electrical Resistivity Measurements

	Conclusions
	Acknowledgments
	References




