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Abstract  Cu/Ni thin film has been made by
electroplating method assisted by magnetic fields. The
solution consists of a mixture of NiSO, (260 g/L), NiCl,
(60 g/L) and H3BOs (40g/L). The magnetic field varied in
the range of 0-200 gauss in a direction perpendicular to the
electric field. Plating was carried out at a voltage of 1.5
volts, the electrolyte temperature is 60 °C during 5 s. The
results indicate that the Ni film has been formed on the
surface of the Cu plate. Testing of sheet resistivity shows
that by coating Ni on Cu substrate the resistivity sheet of
Cu/Ni increases. The increase in resistivity is proportional
to the magnitude of the magnetic field. Investigation on the
Ni morphology shows that the larger the magnetic field the
smaller the grain size so that the composition of Ni
particles becomes more tightly packed. Whereas, in sensor
sensitivity, all samples showed their role as
low-temperature sensors. The sensitivity decreases along
with the magnitude of the magnetic field given.
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1. Introduction

Preservation is a method to maintain the quality of the
material so that it can be reused for a long time [1]. The
method of preserving human bodies that have been used is
preservation using the cryonics method [2]. Cryonics is a
preservation method at liquid nitrogen using cryoprotectant
substances [3-5]. In liquid nitrogen media, preserved cells
will remain in good condition and can later be reused [6]. If
at the preservation site liquid nitrogen experience
evaporation at, temperature rise up to critical temperature
about -100 °C, and damage to preserved organs. Therefore,
to prevent this situation, sensor technology is needed to
monitor the temperature of liquid nitrogen continuously.

One sensor technology that can be wused for

low-temperature detectors is RTD-F (Film-Resistance
Temperature Detector) [7]. Toifur et al. have developed a
low-temperature sensor made from Cu/Ni thin film
prepared by the electroplating method [8]. From the
analysis of the microstructure of the material on the XRD
diffractogram, it was found that the crystal structure was
formed in the film. In addition, the layers contain 3 phases,
namely Cu, Ni, and NiO. However, from the SEM photos,
the surface size of Ni particles has not been homogeneous.

The surface morphology of the non-homogeneous
deposit can be repaired by doing plating which is assisted
by a magnetic field during the deposition process [9-13].
This can happen because, when the deposition process
takes place, the current flows from the cathode to the anode.
If the position of the magnetic field is perpendicular to the
electric force, there will be a Lorentz force whose
magnitude competes with the electric force [14]. With the
two positions of forces that are perpendicular to each other,
the growth of deposit at the cathode surface will increase,
which is because of the deposition process which is
influenced by the magnetic field, will accelerate mass
transport [15,16]. In the electrodeposition process, the
magnetic field greatly affects the yield of the resulting
deposit layer, the magnetic field given will affect to the
Lorentz force generated [11].

In this study, Ni plating on Cu substrates will be carried
out with the help of a magnetic field perpendicular to the
electric field. The magnitude of the magnetic field varies
from 0 to 200 gauss and its effect on surface fineness will
be observed. Due to this material that will be used as a
low-temperature sensor, after obtaining the most suitable
field to produce a layer with a homogeneous microstructure,
the sample will be used to measure the temperature of
liquid nitrogen from 0 °C to -170 °C..

2. Materials and Methods

The process of making Cu/Ni layers begins by

http://www.hrpub.org
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providing a 10 x 1.3 cm? copper plate. This plate will be
installed as a cathode. Similarly, the preparation for nickel
plates was installed at the anode. The materials used for
preparing electrolyte solution are NiSO,4, NiCl,, H3BO3
with the weight 260 g, 60 g, 40 g respectively. These
materials then were diluted in 1000 mL of distilled water.
The ingredients are mixed and then stirred using a
magnetic stirrer for 6 hours.

Experiments are carried out by assembling tools such as
Fig. 1. The deposition process is carried out at a voltage of
1.5V, 4 cm electrode distance, 5 seconds deposition time,
and 60 °C of bath temperature. To generate a 200 gauss
magnetic field, it used a pair of coils made of copper wire
with a diameter of 0.2 mm, a number of 1500 coil turns.
By regulating the input voltage, the magnetic field can be
varied from 0 to 200 gauss.

Voltage probe

Current Probe

Magnet

Figure 1. Ni deposition devices assisted the magnetic field

Characterization of Cu/Ni layers was carried out by
looking the microstructure of samples with several
instruments that are SEM for surface morphology, EDS
for elemental tracing, and XRD for detecting the
formation of crystalline structure. From the XRD pattern
it can obtain the intensity, grain size, and d-spacing.

While the characterization of sheet resistivity is done
using a four-point probe (as pointed at Fig. 2) at room
temperature. This test is carried out by varying the current
(1) to produce V and data processing is done by linear
regression of (V;, I;). The value of Rs is obtained from the
slope of graph (a) with the equation:
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Figure 2.

Four point probe

Testing performance sensor is done in liquid nitrogen at
a temperature of 0 to -200 °C by inserting slowly the
sensor into a flask at the rate of 0.2 cm/s (as pointed at Fig.
3). The flask contains 2 liters of liquid nitrogen with
different temperature between the top and the bottom.
Output data was displayed in the form of the output
voltage at various temperatures. This voltage varies
depending on the temperature of the medium. Voltage
variations occur due to changes in the value of sensor
resistance. The temperature of the medium varies
according to the depth of the flask. the more the
temperature gets lower. VVoltage V and temperature T have
a relationship of

V =aT?+bT +c 2

The strength of the relationship between the two
variables V and T can be seen through the determination
index R% Furthermore, each characteristic in the 2" order
polynomial equation can be investigated from the
coefficient values a, b, c. The a shows the graph of the
level of curvature on the curve, The b shows the level of
the slope of the graph, and the c as an intercept.
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Figure 3. Schematic diagram for producing and determinating sensitivity of Cu/Ni sensor

3. Results and Discussion

Based on Fig. 4, it is known that each sample has a
different surface morphology. In samples with B = 50
gauss, Ni grains are larger than Ni grains in samples with
B = 0 gauss. By comparing the overall Ni layer
morphology it is known that the increase in the magnetic
field produces Ni deposits that have smaller granules.
However, it also appears that the grain size of the Ni
particle in one sample is not homogeneous. Here, it is seen
that the use of a magnetic field perpendicular to the
direction of deposition leads to the emergence of the
Lorentz force. The presence of this Lorentz force causes
the travel of Ni ions to the Cu cathode to have a helical — ETEEEER AR B e T U Yoopm!
path [15]. The farther the distance the more deviated. As a
result, the distribution of Ni ions to the Cu substrate is not
uniform. In this condition, the Cu substrate in one end
receives more Ni ion files compared to the other end.

This is likely due to the influence of Lorentz force so
Ni’s ionic films that should move straight from the anode
to the cathode to be deviate so that some Ni ions do not
collide the substrate. Another possibility is the presence of
magnetic damping forces arising from variations in the
Lorentz force that interacts with the magnetic field. The
Lorentz force varies because the surface of the substrate is
uneven so that an induced current is produced. This
induction current when interacting with a magnetic field
will produce the damping force on Ni ion [18]. As large as
the magnetic field the greater the damping force so that
the mass of Ni formed at the cathode becomes less than s ; Ve

. B . . . . SU3500 25.0kV 6.6mm x30.0k S5E 1.00um
the Ni mass produced in plating without using a magnetic
field. (b)
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Figure 4. EM photos of Cu/Ni surfaces in variation magnetic field with
a) 0 gauss, b) 50 gauss, ¢) 100 gauss, d) 150 gauss and €) 200 gauss

The rate of Ni growth on Cu surface in the deposition
process can be seen from the electric current as shown in
Fig. 5 There is a tendency for the use of magnetic field
that is an increase in electric current during the deposition
process. At B = 100 gauss the in-crease in deposition
current is highest compared to other B. For all B the

current starts to stabilize for all B in approximately 1.5 s.
Unlike the deposition without a magnetic field, the current
is stable.
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Figure 5. Deposition current at various magnetic field

Therefore, it is according to what was said by Ebadi [13]
that the use of magnetic fields can increase the Ni mass
transport process towards Cu. For B = 100 gauss the
highest increase in deposition current, which means
acceleration of deposition.

In Fig. 6 an X-ray diffraction pattern is displayed for
identifying the microstructure parameters of the material.
Based on the Fig., it is known that all of the peaks
belonging to Cu with the dominant peak around the
diffraction angle of 44° in the direction of [111]. The
picture does not appear to be the Ni peak. Therefore it is
estimated that Ni deposition for 5s has not produced a
Ni-crystal structure. However, from SEM photos as
shown in Fig. 4 and Fig. 5, Ni layers have been formed.
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Figure 6. X-ray diffractogram of Cu/Ni for variation B

From the electrical properties of Ni, deposition Ni on
Cu causes an increase of the sheet resistivity, where the
sheet resistivity of Cu before plating is (1.172 =+ 0.03)
x10-3 Q/sq, and after plating to form Cu/Ni it sheet
resistivity increases as shown in Fig. 7.
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Figure 7. Graph of the relationship between Rs for Cu and for Cu/Ni in
variation B

Furthermore, all the samples have known resistivity,
then all samples are tested for performance as low
temperature sensors. One of the sensor performance
parameters is expressed in the form of sensor sensitivity
level in response to medium temperature. In Fig. 8 the
sensor output voltage is displayed against the medium
tem-perature from -170 °C to 0 °C. From the picture it
appears all data (V;, T;) have a tendency to form
polynomials. Therefore the data (V; T;) is diffused
according to order polynomial 2. The results are given in
Table 1

: : 520

—— B =0gauss
1— B =50 gauss o
|——B =100 gauss M,J«J“w 150
—— B =150 gauss e
—— B = 200 gauss T 7480

460

440

Voltage V (mV)

420

400

T T T T T T = 380
120 -100 -80 -60 -40 20 O

5 T T
-180 -160 -140

Temperature T (°C)

Figure 8. Graph of the relationship between voltage and temperature
liquid nitrogen

Table 1. Relationship between sensor voltage and temperature
B (gauss) V= aT?+hT+c R?
0 V= -6.650E-7T2 + 0.317E-3T + 0.475 0.99
50 V= -1.080E-6T? + 0.261E-3T + 0.506 0.99
100 V= -1.160E-6T2 + 0.229E-3T + 0.465 0.99
150 V= -1.370E-6T2 + 0.206E-3T + 0.465 0.99
200 V= -1.560E-6T2 + 0.192E-3T + 0.476 0.99

The sensitivity level is taken at the coefficient b.
Samples that have the largest b are most sensitive in
response to temperature.it is known that all the Cu/Ni thin
films have behaved as a low tem-perature sensor. On the
other hand from the R? that is 0.99 all samples have a
good relationship between V and T. The value of
sensitivity is taken based on T coefficient.
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Figure 9. Effect of magnetic field on the sensitivity of the sensor

Sensitivity is a change in temperature that can be
responded to as the change of a sensor voltage. Sensitivity
corresponds to the coefficient b in equation (2). In Fig. 9 a
graph of sensor sensitivity is displayed on various
deposition fields B. The highest sensitivity (0.317 +0.006)
mV/°C corresponds to a magnetic field of 0 gauss and the
lowest sensitivity (0.192 = 0.004) mV/°C in accordance
with the magnetic field of 200 gauss. By observing Fig. 8
and Fig. 9, it can be obtained that the resistivity of the
Cu/Ni thin layer is inversely proportional to the sensitivity.

4. Conclusions

Based on all of the data that have been analyzed, we
conclude that electroplating by using a magnetic field in
the direction perpendicular to the electric field can emerge
the Lorentz force. This force will shift the Ni ions leading
to Cu cathode. Therefore, the distribution of Ni in Cu
plate from the end to the end one is inhomogeneous. But,
the using of the magnetic field has been able to improve
the microscopic condition of the Ni layer, which is the
greater the B, the smaller the grain size. Thiswill make
sheet resistivity get the increase. The 5s time deposition
has not produced the crystalline structure on Ni film.
From the study concerning the sensitivity of Cu/Ni sensor
it is found that the increasing magnetic field leads to the
decrease in the sensor's sensitivity.
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