Microstructure And Resistivity Of Cu/Ni
Thin Film Prepared By Magnetized
Electroplating On Various Electrolyte

Temperature
By M. TOIFUR



-

-

-

-

INTERNATIONAL JOURMNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 01, JANUARY 2020

ISSN 2277-8616

>
Microstructure And Resistivity Of Cu/Ni Thin Film
Prepared By Magnetized Electroplating On
Various Electrolyte Temperature

Jumratul Wustha, Moh. Toifur, Azmi Khusnani, Oki mustava

Abstract: Plating of Ni has been carried out on Cu assisted by a 200 gauss magnetic field at an electrolyte temperature variation of 30 “C-70 °C. The
research aims to study the influence of the temperature of the electrolyte solution on the microstructure and resistivity. The results show that in the
influence of the magnetic field, the increase in the electrolyte temperature strangly affects the microstructure of the Gu/Ni layer. Temperature of 60 °C is
the best temperature to produce a layer that is not dull and does not bum. On the other hand, the increase in the electrolyte temperature can increase
the intensity of Ni diffraction, d-spacing and grain size. The sheet resistivity is very dependent on the three microstructure parameters in accordance

with the equation of R, = 1.26x10-3 T +1.38 (Q/sq).

Index Terms: Cu/Ni layer, microstructure, electrolyte temperature, diffraction peak intensity, d-spacing, grain size, sheet resistivity

1. INTRODUCTION

low temperature sensors are very needed in various fields,
especially in the medical field for cryonics techniques [1], [2].
One type of sensor that is being developed today is a
temperature sensor based on RTD (Resistance Temperature
Detector) based on combination of Cu and Ni [3], [4], [5], [6],
which is made by electroplating method. Electroplating is used
in various application [7]. It is comparable to other methods
such as sputtering [8]. The material commonly used as a
temperature sensor is platinum, copper and nickel [10].
Copper is more preferable than other by considering about the
abondance and not expensive. However, the resistivity of
copper is low, so need to be increased. Combination of Cu by
Ni that has high resistivity is expected can solve this problem.
Resistivity is an important parameter because it plays a role in
determining sensor sensitivity. Many factors that determine the
success of electroplating include cumrent density, voltage, pH
of the electrolyte solution, electrolyte temperature, deposition
time, type of metal ions, electrolyte concentration, and stirring
[11]. The temperature of the solution affects the electrolyte
viscosity. At high temperatures the salt solution will
decompose (as example NiCl —» Ni2* + Cly-) so that the
amount of N** ion increases and moves faster because the
solution becomes runny. Both of these will accelerate the rate
of reaction to form deposit at the cathode. The advantage is
that it does not give the opportunity for the polarization of
electrolyte molecules which will increase the wvoltage of
process due to the occurrence of electrical double layer (EDL),
which can avoid the formation of hydrogen gas which can
prevent the attachment of deposits or form a layer that
contains many bubbles so that the layers become brittle.
Hydrogen gas arises when electroplating was carried out at
low voltage. According to Kumar, the higher the temperature of
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the electrolyte solution, the greater the grain size [11]. The
disadvantage is that the formation of these deposits makes the
process of amranging atoms on the surface of the cathode
becomes slow so that the layers tends to rough. In this study
the synthesis of Cu/Ni layers was carried out by varying the
temperature of the electrolyte from 30 °C — 70 °C. Plating is
assisted by a magnetic field in the transverse direction with the
aim of generating Lorentz forces on Ni2+ ions that lead to the
cathode. It is hoped that this will reduce the hydrogen gas [12]
because the deflection of the ion path is similar to stirring in an
electrolyte solution so that it will also reduce the incidence of
EDL. In addition, of course this deflection can increase the
temperature of the solution, but according to Chiba's research,
the rise in temperature does not reach 1 °C. The use of
magnetic deposition can also smooth the grain size. Ganesh
et al. have done the coating of nickel with gnetic field
forming a 45° angle to the cathode [12], [14]. As a result the
grain size becomes smoother in the order of tens of
angstroms, the effect of polarization decreases, so that the
increase in stress during the deposition process does not
occur. This is a solution to the problem of using the
temperature of the solution which causes the grain size to be
larger as revealed by Anand and Kumar [11]. It is expected
that by varying the temperature the optimum temperature is
obtained which results in a good microstructure and good
electrical.

EIEXPERIMENT METHODS

In the electroplating ff3cess, electrolyte solution is prepared
with the composition of HsBO, (30 g), NiSO, (195 g), NiCl,
(450 g) and H.O (nJ ml). The solution is heated to a
temperature of 30 °C, then the equipment is assembled
according to Figure 1. The coating process is carried out at a
voltage of 1.5 volts for 60 seconds with a 4 cm electrode
nstance, and a magnetic field of 200 gauss. The coating
process is repeated by varying the temperature of 30 °C, 40
°C, 50 °C, 60 °C, and 70 °C.
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Fig. 1. Schematic experiment in the electroplating process of
CuiNi.

Some of the characterization done include SEM-EDS, XRD,
and sheet resistivity. SEM tests are carried out to determine
the formation of grains in Ni deposits and changes in size with
changes in solution temperature. From the EDS spectrum we
can know the Ni content in the layers as well as changes in Ni
content to changes in electrolyte temperature XRD test to
determine the formation of the crystalline phase on the
deposit, as well as the effect of electrolyte temperature on the
orderly level of the crystal structure, d-spacing, and grain size.
All these parameters affect the resistivity of the layer.

Sheet resistivity is determined by a four-point probe by varying
the current | and adding the final voltage V value [6]

R =a;fr(]r12)_l (1

i

Where a is slope graph V-1
3 RESULT AND DISCUSSION

3.1 Characterization of Cu/Ni using SEM-EDS
In Fig. 2 a SEM photo of the surface is displayed with a

magnification of 30.000 times.

b. T=40°C

eT=70°C

Fig. 2. SEM Phohaaf Cu/Ni specimen surface resulted from
deposition at a electrolyte temperature of 30 °C-70 T.
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From the figure it appears that the temperature of the solution
affects the grain size. Some are dull, and some are clear. In
the deposition specimens at 30 °C and 40 °C electrolyte
temperatures the surface of the layer is dull colored then in
line with the rise in color temperature electrolyte the surface
layer becomes clearer, and the clearest color corresponds to
temperatures up to 60 °C. Sadiku et al. [15] found that the
brightest nickel color occurred at 56C electrolyte temperature,
so what the researchers found was close to Sadiku's
discovery. When the temperature of the solution is raised
again to 70 °C the surface color of the layer becomes dull
again. The dull color of the specimens resulting from
deposition at temperatures of 30 °C and 40 °C is due to the
temperature at which the solution has not been able to
generate enough dense ion currents so that the layers appear
dull [16], [17]. Usually, this kind of thing happens to plating
using a weak electrolyte solution. But it is essentially the
same, that is because of the minimal number of ions flowing
into the cathode. Similarly, at a temperature of 70 °C the color
of the Ni layer appears black because the solution
temperature is too high so the surface of film is burned.

Next in Figure 3 an analysis of Ni content in the form of weight
percent is shown on the rise in electrolyte temperature.

Weight (%)

.
a T
0 T T T T

30 40 50 60 70

Temperature (°C)

Fig. 3. Results of elemental analysis on Cu/Ni surfaces

From figure 3, it is found that there is a tendency for the rising
Ni content due to an increasing electrolyte temperature, which
is 65.4% at 30 °C to 94.8% at 60 °C, except for 70 °C, the
level decreasedlo 87.2% [18]. The increasing in Ni content
indicates that an increase in electrolyte temperature can
reduce the viscosity of solution thereby increasing the
ease of mass transport of Ni ions to the Cu cathode. As a
result, the rate of formation of Ni deposits at the cathode
becomes greater so that the levels increase. In contrast to the
specimens resulted from deposition in 70 °C electrolyte,
because the temperature is too high, the Ni layer is burned
and less attached so that Ni levels become decrese. The other
thing that happens to Cu, is that because the X-ray energy
dispersed has a limited range, the increase in Ni levels will
reduce the Cu level too. Therefore 60 °C is the best electrolyte
temperature for Cu/Ni plating.

3.2 Study on XRD pattern

From the @ffraction pattern for all specimens as presented in
Figure 4, it is known that the Cu/Ni layer is in the form of
crystals with two dominant peaks (preferred orientation) that
occur at around angles 2-theta 43° and 44°. This peak
comresponds to the Cu (111) and Ni (111) phases. This is
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consistent with the results that was done by lbrahim. He
investigate that black nickel is a pure nickel in the direction
(111) [19]. Here, the source of X-rays comes from Cu-Ko
radiation, with a wavelength A = 1.5419 A.
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Fig. 4. X-ray diffraction for sample Cu/Ni films in various
electrolyte temperature.

From the graph subplot it is seen that the angle of peak
diffraction of Ni has shifted for all specimens compared to the
position of the peak angle of the diffraction of the previous
specimen According to the Baragg diffraction formula, the
diffraction peak shift affects the distance between the crystal
planes (d-spacing). Besides that the peak movement together
with FWHM according to the Scherrer formula will affect the
size of the crystal grains. In addition, the intensity of the Ni
diffraction peak also changes due to changes in electrolyte
temperature.

1500 T T T T
12004 .
a Cu
£ 900+ .
=
w
£ 600 . .
g Ni
£ .’

3004 4
e
0-+— . . . .
30 0 50 60 70
Temperature (°C)
Fig. 5. The peak intensity of diffraction from Cu and Ni crystals
in the various of the electrolyte temperature.

Fig. 5 shows the diffraction peak intensity of Cu and Ni as a
function electrolyte temperature. From the picture it appears
that the increase in the temperature of the solution can make
the level of regularity of the Ni crystal structure increase. This
is contrary to the intensity of Cu crystals which decreases with
increasing temperature of the solution. Because the surface of
Cu is a substrate for Ni, then with the condition of the
formation of Cu crystals such as this that the level of regularity
of the crystal structure decreases, the growth of Ni atoms does
not depend on Cu substrate. The level of regularity if related to
the electrical properties of the material, the resistivity of the
layer tends to decrease. Fig. 6 shows the d-spacing at the

ISSN 2277-8616

electrolyte temperature variation. From the figure it appears
that the d-spacing is influenced by electrolyte temperature.
The relationship between d-spacing and the diffraction angle
shift is the right shifting will reduce d-spacing while the left
shifting will add d-spacing. The consequence of this is that if in
this direction the electric current is flowed then the size of the
d-spacing will influence the elecfrical conductivity (inverse of
the electrical resistivity). For specimens that have small d-
spacing in the current is flowed in direction (111), the layer is
more conductive than samples that have large d-spacing. But
the total conductivity of the specimen does not only depend on
d-spacing.

2,08 T T T T

2,06

—B—d-spacing Cu
—&—d-spacing Ni

d-spacing Cu (A)
2

2,02+

2,00

30 40 s 60 70
Temperature (°C)

Fig. 6. Interplanar spacing of Ni and Cu in various temperature
electrolyte.

Next in Fig. 7 the grain size of Cu and Ni deposits varies with
electrolyte temperature. In general there is a tendency as
expressed by Anand [11] that an increase in electrolyte
temperature will make the grain size bigger. This is due to the
increase in temperature which will further reduce the the rising
of H, gas bubbles.
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Fig. 7. Grain size of Cu and Ni

At 30 °C the grain size of Ni 2.01A is the smallest among the
others and at the electrolyte temperature 70 °C grain size
increased to 2.02A. The increase is little, that is 0.01 A but this
is a contributor to the electrical properties of the coating which
will increase the conductivity of the material.

33 t Resistivity of Cu/Ni
The effect of electrolyte temperature on sheet resistivity of Ni
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and Cu at various electrolyte temperatures is shown in Fig. 8.
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Fig. 8. Relationship bertween sheet resistivity of Cu and Ni to
electrolyte temperature.

Eﬁised on the data aboves known that the resistivity of the
Cu layer increases when coated with Ni, where previously the
resistivity of the Cu layer was 1.21x10-3 Q/sg. As said by
Afsarimanesch [20] if Cu is combinefwith Ni, the resistivity
increases. Furthermore, with the increase in electrolyte
temperature the thickness of the Ni layer increases, but as is
well known, in metals if the thickness of the layer increases the
resistivity decreases, but the decreasing resistivity not to be
lower than the Cu sheet resistivity. The equation that states
the relationship between Cu/Ni sheet resisitivity and electrolyte
perature:
Rs =1.26x10-3 T +1.38 (Qsq) (2)

with the determination index R = 0.99. The sheet resistivity

contributed by the regularity of the Cu/Ni crystal structure, d-
spacing, and grain size. With the tendency of the peak
intensity of Ni diffraction to in crease with increasing
temperature of the electrolyte solution, interplanar distances
which are increasing, and grain size that is getting bigger,
those will make R. getting decrease. This happen has been
confirmed according to the n)file of the Rs value which
decreases with increasing the temperature of the solution. The
dependence of the sheet resistivity on the electrolyte
temperature is strong. This is indicated by the determination
index that close to 1.

4 CONCLUSION

The following conclusions are a resume of the results of the
f3search and discussion described above. The various
electrolyte temperature can affects the microstructure and
resistivity of Cu/Ni. The 60 °C is the best temperature
produce a layer that looks does not dull and does not burn. An
increase in electrolyte temperature can increase the regularity
of the crystal structure, the interplanar distance and grain size.
All components the contriblizbn to the reduction in sheet
resistivity. In addition, sheet resistivity has a strong negative
linear relationship to the electrolyte temperature.
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