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ABSTRACT

This research has developed Cu/Ni film aid@E) by the magnetic field (B) to
investigate the effects of the deposition voltage on the microstructure and sheet
resistivity of Ni film. Deposition was carried out with electroplating technique on the
voltages @t vary from 1.5 V to 7.5 V, while electrolyte temperature of 60°C,
electrode distance of 4 cm, deposition time of 1 minute. The magnetic field of 200
gauss was installed on the parallel direction to the electric field (E).

The results show that the deposition voltages from 1.5 —4.5 V produce Ni film with
thickness directly proportional to the voltage, while on the voltages over 4.5 V the
thickness of the film decreases until a half of maximum thickness. Electroplating has
also produced the crystal structured Cu/Ni film. The dominant peaks are on the 2
theta angles of approximately 44.18° and 52.38° that correspond to Ni[110] and
Ni[111]. The deposition voltage also plays a role in changing the regularity level of
the crystal structure both for Ni[110] and Nif111], also influence the inter-planar
distance (d-spacing) for both directions [110] and [111]. From the voltage 1.5 — 4.5
V, the d-spacing profile of Ni [110] and Ni[111] are similar, but on the voltages over
4.5 V, the d-spacing of Ni[100] crystal decreases while Ni[lll] increases. In
accordance with the grain size, in the voltages from 1.5 — 4.5 V the grain size tends to
decrease, but over 4.5 V it tends to increase. The deposition voltages from 1.0 - 75V
produce the Ni sheet resistivity (R,) of approximately between 6 43 — 15.11 us/sq. The
highest value of 15.11 p{2sq corresponds to the voltage of 3.0 V. The high d-spacing
and the small grain size contribute to the high R,. Mean while, the lowest value of 6.43
18sq corresponds to the voltage of 6.0 V. The high level regularity of crystal
structure, the great d-spacing, and the big grain size contribute to the low R,.
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1.INTRODUCTION

CwNi thin filff is a film potentially made as a low temperature sensor from 0 — -200°C. In
principal, Cu has the potential to be a temperature sensor [1], but Cu is still less sensitive
towards the temperature change because the resistivity of Cu tends to be still very low that is
1.72x10-8 Qm [2] and the characteristics of Cu is easily oxidized. The sensitivity of Cu can
be increased by synthesizing it with Ni that has higher resistivity that is 7.3x10™ Qm in the
form of CwNi film [3]. Nickel also has a good adhesion force, so it eases the deposition
proggss [4,5].

In this research, the synthesis of Cu/Ni was carried out with electroplating technique aided
by the magnetic field parallel to the electric field on the deposition voltage variation [6]. The
electroplating process was c[sen because it is more economic, fast and the process is easily
controlled. The use of the magnetic field on the parallel direction to the electric field is
intended to produce the magnetic induction force considering that Ni is a ferromagnetic
material so it can increase the mass-transport deposits [7,8], increase the homogeneity of Ni
ion distribution, accelerate the substrate coating process [9-14]. With the magnetic field, the
film formed has a stronger texture. This will influence the characteristics of the material
including the material resistivity [15,16]. The deposition voltage is a primary parameter in
electroplating that plays a role in determining the current density, so it can increase the ion
current [17], as a result, a film with better structure and morphology can be obtained [18,19].

2. MATERIALS & EXPERIMENTAL PROCEDURES

2.1. Substrate Preparation

This stage prepared the mercial copper plate and the nickel plate (10x1.3 cm?), a
lithograph design by using cutting sticker, FeCls, and acetone. The copper plate was cleaned
by scrubbing the surface wh autosol metal polish in the circular direction. The next stage
was printing the lithograph design on the substrate by dissolvifgg the substrate with FeCl; and
cleaning it with acetone. After the design was printed, it was then cleaned by smoothing the
surface with the toothpaste, rinsing with aquadest and alcohol on ultrasonic cleaner. Next, the
substrate was dried with a hair dryer, kept by packing it on tissues, put it in a clip plastic and
kept it in the drybox.

2.2, Electroplating of Cu/Ni

Before plating, the nickel solution (Watt’s nickel) consisting of NiSO4 260 g, NiCl» 60 g,
H3BO; 40g and H,O 1000 ml was prepared. The substances were stirred by using a magnetic
stirrer for 3 hours. The Cu plate as substrate was weighed by using Ohaus-PA214 balance and
the weight was noted as Mc,. The Cu plate was installed on the cathode and the Ni plate on
the anode on the distance of 4 cm. Electroplating was carried out on the voltages by varying
the deposition voltages from 1.5 V to 7.5 V, with electrolyte temperature of 60°C for one
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minute. The magnetic field of 200 gauss was installed on the parallel direction to the electric
field. After finishing, the sample was lifted up then rinsed with distilled water and dried with
a hair dryer. After dried, the sample was weighed again and the weight was noted as My ;.

e
2.3. Characteristics of Cuﬁli Film
The thickness of the Ni film ¢ be determined by using the mass difference in the sample of
Cu/Ni and Cu substrate. The thickness of the Ni film is calculated through the Lowenheim

equation.
5= w _ (mcmm _m(_‘u)
PA PA (1)

1

With, gis the thickness of the film, W is the mass difference between the mass of Cu/Ni
(mcuni) and the mass of Cu (ruu),p is the density of Ni, and A is the sample surface area.

The micro structure test was carried out with the X-Ray Diffraction (XRD). From the
XRD diffractograph, it caletermine the phase structure formed is crystal or a-morph, Miller
index, the regularity level of the crystal structure, the peak angle and the full width at a half of
maximum peah the grain size and the inter-planar spacing.

The sheet resistivity test was carried out with the homemade four point probe. From the
curve of the sheet resistivity towards the deposition voltage, information about resistivity
related to the test result of the Ni film microstructure can be obtained.

3. RESULTS AND DISCUSSION

The monitoring towards the electric current for 60 second electroplating process is shown in
Fig. 1. The monitoring towards the electric current is essential because it plays a role in the
mass transport of Ni ion in the solution towards the cathode. The higher the deposition
voltage the higher the electric current.
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Figure 1 Electric current on electroplating process for various deposition voltages starting from 1.5 V
to7S5V

For the voltage from 1.5 — 4.5 volt, the electric current tends to be stable, but on the
voltages of 6.0 and 7.5 volt, the electric current tends to get decreased. This is due to the
reduction reaction occurs near the cathode which able to creates hydrogen gas bubbles. As the
bubbles are still near the cathode, they will inhibit the electric current.
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Figure 2 Effects of Deposition Voltage on Thickness of Ni film

The deposition voltage influences the thickness of the Ni film on the Cu surface. As
shown in Fig. 2, the voltage variations produce the thickness between 0.76 — 5.78 um. From
the voltage 1.5 — 4.5 V, the thickness tends to increase. This shows that the deposition
vol@ge, as disclosed by Figry et al, can increase the mass transport of Ni ion [20] so it obtains
the thickness of Ni film that is proportional to the deposition voltage. However, over 45 V,
the thickness gets decreased until 2.85 pm. It is suspected due to the occurrence of hydrogen
evolution around the cathode during the deposition process. As disclosed by Chung et al [21],
the main problem in electroplating is the presence of hydrogen gas around the cathode due to
the water molecular reduction when the deposition process is running. This gas inhibits the
electric current to reach cathode, so the plating process becomes useless. As a result, a film is
not formed on the cathode surface.
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Figure 3 XRD Spectrum of Cu/Ni film on various deposition voltages

From the XRD spectrum, it obtains two dominant peaks for Ni those are Ni(110) and
Ni(111) that occur on the angles of approximately 44.16° and 52.38°. With the increase of the
deposition voltage, the peak angle position of Ni(110) tends to shift left, while for the peak
angle of Ni(111) tends to shift right at first then shift left, as shown in sub-graph. The
diffraction angle shifting to left or right will influence other microstructure parameters such as
the inter-planar distance and the grain size, as discussed at the following part.
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Figure 4 Effects of deposition voltage on diffraction peak intensity

The diffraction peak intensity reflects the regularity level of the crystal structure. The
bigger intensity, the more regular the crystal structure. From Fig. 4, the deposition voltage
influences the diffraction peak intensity. From the voltage 1.5 — 3 V the intensity increases,
then decreases until the voltage of 4.5 V, then increases again. There are two directions of Ni
crystal intensity observed those are direction [110] and [111]. At first, at the voltage of 1.5V
Ni[110] intensity is higher than Ni[111], but at the voltage range of 3.0 to 45 V Ni[lll]
intensity becomes higher than Ni [110]. At the voltage over 4.5V intensity of Ni[l110] is
higher than Ni[111]. This shows that the voltages may influence in shifting the direction of
the ordering of crystal structure that is regular at first then it becomes less regular and vice
versa.
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Figure 5 Effects of deposition voltage towards inter-planar distance

The d-spacing parameter is essential in the determination of resistivity due to its
proportionality to the resistivity. The lower the d-spacing, the lower the resistivity and vice
versa. Form Fig. 5, at first, d-spacing of Ni(110) and Ni(111) are equally low those are 2.06 A
and 1.73 A. In line with the increasing voltage until 3 volt, both d-spacing get increased.
However, both d-spacing get decreased for the deposition voltage of 4.5 volt. Specific
condition was happened when the voltage is increased until 7.5 volt, that is d-spacing of
Ni(110) gets decreased while d-spacing of Ni(111) gets increased. Thus, for the voltage over
4.5 volt the deposition can shorten the inter-planar distance on the direction of [110] while for
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the direction of [111] the increase of deposition voltage can increase the inter-planar distance
of Ni crystal.

T T T T
6.5
4 - B
ﬂG.D- L 3
o<C 1
ﬁ 5.5 & T
‘@ — . . ]
% 5.0 o ; i
[} N .
4.5 Ni(110) " < |
1 - < Ni(111) e
4.0- —*— Average Grain Size
0.0 1.5 3.0 4.5 6.0 7.5 9.0

Voltage (V)

Figure 6 Effects of deposition voltage on grain size

The crystal grain size of Ni was determined with the Scherrer formula [22,23] on both
directions those are [110] and [111], and for the result, the average value was taken. On the
sample resulted from deposition on the voltage of 1.5 V, there is a diffraction peak on the
direction of [110] but no on the direction of [111]. Therefore, on the direction of [111] the
grain size cannot be defined or the film does not form as crystal structure. The increasing the
deposition voltage until 4.5 V causes the grain size to get smaller from 6.26A to be 5.24A_ It
shows that the increase of the deposition voltage will increase of ion energy that can increase
the mass transport of Ni. As consequence of this, the thickness of the Ni film increases as
shown in Fig. 2 for the voltage 1.0 — 4.5 V. However, the increasing ion energy, the collision
of Ni ion with Ni atoms which has formed on the Cu surface from deposition process before
can disturb the crystal granules that were formed before, so the grain size gets decreased.
When the voltage is increased until 7.0 V, Ni atoms can rejoin with the surface atoms so it
produces new crystals with bigger size than the previous ones that is 6. 0A.
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Figure 7 Sheet resistivity on the different deposition voltage

The relationship of the sheet resistivity of the Ni film towards the deposition voltages is
shown in Fig. 7. At first, the Ni film from the deposition on the voltage of 3 volt has the sheet
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resistivity of 15.11 p€d/sq. The factors that contribute to this value are the low intensity and
the large inter-planar distance while those contribute to the decreasing the sheet resistivity is
the large grain size even the largest of all samples that is 6.26 A. Furthermore, on the
deposition voltage of 3 V, Ni crystals are arranged regularly and may contributes to the low
resistivity. However, this sample has the large even the largest inter-planar distance of all
samples that is 2.07 A, so the total resistivity of the Ni film becomes higher that is 22.06
pQY/sq. On the deposition voltage from 60 V to 7.5 V the sheet resistivity is mostly
contributed by the regularity of crystal structure and the low inter-planar distance particularly
for Ni (110) plane that corresponds to the 2 theta angle of 44.18°. This sheet resistivity is
approximately between 6 44 — 6.72 pnQ/sq.

4. CONCLUSIONS

Electroplating of the Ni to the Cu plate aided with the magnetic field parallel to the electric
field on the depositionfoltage variation has been successfully carried out. On the voltage
from 15 — 45 V, the thickness of the film is proportional to the deposition voltages with
maximum thickness of 5.78 pm while on the voltages over 4.5 V, the thickness of the film
decreases to become 2.86 um. The deposition voltage also produces the crystal structured Ni
film with the dominant peak on the angles of approximately 44.18° and 52.38° that
correspond to the directions of [110] and [111]. The diffraction peak intensity gets increased
on the voltage of 3.0 V and 7.5 V. The deposition voltage variation also influences the d-
spacing and the crystal grain size. On the voltage from 1.5 — 4.5 V the d-spacing profile of
Ni[110] and Ni[111] are similar that is increasing until the peak on the voltage of 3.0 V then
decreasing until the voltage of 4.5 V. On the voltages over 4.5 V, d-spacing of Ni[110]
decreases while Ni[111] increases. Mean while, for the grain size on both ends of voltages
those are 1.5 V and 7.5 V the grain size is high that is about 6.13A, but between the two end
voltages, the grain size decreases at about 5.28A. All microstructure parameters influence the
value of the sheet resistivity of Ni film. On the voltages over 4.5 V, the sheet resistivity
decreases compared to other voltages. The biggest contribution on this value are the high level
regularity of crystal structure, the low d-spacing of Ni[110], and the large grain size.

éCKN OWLEDGMENT

The researcher expresses his deepest gratitude to the Ministry of Research and Fgghnology/
National Research and Innovation Agency which has provided research funding through the
E¥20/2019 through Post Graduate Research Grant Scheme with a contract number of
NOMOR: PTM-031/SKPP.TT/LPPM UAD/V1/2020.

REFERENCES

[1] Afsarimanesh, N. and Ahmed, P.Z, “Labview Based Characterization and Optimization of
Thermal”, International Journal on Smart Sensing And Intelligent Systems, 4(4), December
2011,2011

2] Toifur, M., Yuningsih, Y., & Khusnani, A, "Microstructure, Thickness and Sheet Resistivity
of Cu/Ni Thin Film Produced by Electroplating Technique on The Variation of Electrolyte
Temperature”, Journal of Physics: Conference Series, 2-6,2018.

[3] Boylestad, R. L. Introductory Circuit Analysis, Twelfth Edition. United States of America:
Parential Hall Pearson. 2014,

(4] Naoki Okamoto, Feng Wang and Tohru Watanabe, “Adhesion of Electrodeposited Copper,
Nickel and Silver Films on Copper, Nickel and Silver Substrates”, Materials Transactions,
Vol. 45, No. 12 (2004) pp. 3330 to 3333, 2004.

http://www.iaeme.com/IJARET /index.asp e editor@iaeme.com




(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

(21]

Microstructure and Resistivity of the Electroplated Ni Aided by the Magnetic Field Parallel to the
Electric Field on the Deposition Voltage Variation

A. Garraud, P. Combette, and A. Giani, “Thermal stability of Pt/Cr and Pt/Cr203 thin-film
layers on a SiNx/Si substrate for thermal sensor applications,” Thin Solid Films, vol. 540, pp.
256-260, 2013.

[6] Bhattacharya, S., & Prajapati, B. G, "A Review on Cryoprotectant and its Modern
Implication in Cryonics”, Asian Journal of Pharmaceutics, 10 (3) 154-155, 2016.

Yu, Y., Song, Z.. Ge, H., Wei, G., & Jiang, L, “Effects of Magnetic Fields on the
Electrodeposition Process of Cobalt”, International Journal of Electrochemical science, (10)
4812-4813, 2015.

Daniel OLORUNTOBAI1, Oghenedoro EGHWUBAREI, Oluleke OLUWOLE, “Effect of
Some Process Variables on Nickel Electroplating of Low Carbon Steel”, Leonardo Electronic
Journal of Practices and Technologies, Issue 18, January-June 2011, 79-84,2011.

Best, B. P, “Cryoprotectant Toxicity: Facts, Issues, and Questions”, Rejuvenation Research, 5
(18)422-424,2015.

Yu, Y., Song, Z., Ge, H., Wei, G., & Jiang, L, “Effects of Magnetic Fields on the
Electrodeposition Process of Cobalt”, International Journal of Electrochemical science, (10)
48124813, 2015.

Monzon, L. M., & Coey, J. M, “Magneticfields in Electrochemistry: The Kelvin force. A
Mini-Review”, Electrochemistry Communications, 42-43,2014.

Xia, L. T., Wei, G. Y., Li, M. G., Guo, H. F,, Fu, Y., & Dettinger, H, “Preparation of Co—Pt—P
Thin Films by Magnetic Electrodeposition”, Material Research Innovations, 5 (18) 386-389,
2014.

Sudibyo, How, M. B., & Aziz, N, “Influences of Magnetic Field on The Fractal Morphology

in Copper Electrodeposition”, Mineral Processing and Technology International Conference
(pp. 4-6). IOP Conference Series, 2017.

Ebadi, M., Basirun, W. J., & Alias, Y, “Influence of Magnetic Field on The Electrodeposition
of Ni—Co Alloy”, J. Chem. Sci. 2 (122) 279-280, 2010.

Cron, R. Is Cryonics an Ethical Means of Life Extension? University of Exeter, 4. 2014.

Zaynetdinov. M., M. E. See., B. Geist., G. Ciovati., H. D. Robinson., and V. Kochergin, “fiber
Bragg grating temperature sensor for 2-400 K, IEEE Sens. J. 15 (3) 1908-12, 2015.

Hassan A. Wahab, M. Y. Noordin, S. Izman, and Denni Kurniawan, “Quantitative Analysis of
Electroplated Nickel Coating on Hard Metal”, Hindawi Publishing Corporation The Scientific
World Journal [2013] 1-6,2013.

Tadini, P, T., Sahli, M., Chetehouna, K., Gascoin, N., & Bellel, N, "Effect of Voltage on the
Characteristics of Magnesium-Lanthanum Deposits Synthesized by An Electrodeposition
Process”, Material Chemistry and. Physics. 191.70-74,2017.

Lete, C., Marin, M., Anghel, E, M., Preda, L., Matei, C., & Lupu, S, “Sinusoidal Voltage
Electrodeposition of PEDOT-Prussian Blue Nanoparticles Composite and its Application to
Amperometric Sensing of H202 in Human Blood”, Material Science & Engineering C. 102.
661-669, 2019.

Rizalul Figry, Moh. Toifur, Azmi Khusnani, Yudhiakto Pramudya, “Structure And
Composition Of Multilaphistic Cul/Nil/Cu2/Ni2 Chemistry Of Growth Results Using
Electroplating Method In Deposition Voltage Variety As A Basic Of Low Temperature
Sensor”, International Journal of Scientific & Technology Research, 9(1),2974-2978, 2020.

Ping Ping CHUNG, James WANG, Yvonne DURANDET, “Deposition processes and
properties of coatings on steel fasteners — A review”, Friction 7(5): 389-416,2019.

http://www.iaeme.com/IJARET /index.asp editor@iaeme.com




M. Ansarudin, Moh. Toifur, Okimustafa and Azmi Khusnani

[22]  Ahmad Monshi, Mohammad Reza Foroughi, Mohammad Reza Monshi, “Modified Scherrer
Equation to Estimate More Accurately Nano-Crystallite Size Using XRD”, World Journal of
Nano Science and Engineerin, 2, 154-160, 2012.

[23]  Francisco Tiago Leita”o Muniz, Marcus Aure’lio Ribeiro Miranda, Ca’ssio Morilla dos Santos
and Jose” Marcos Sasaki, “The Scherrer equation and the dynamical theory of X-ray
diffraction”, Acta Crystallographica Section A: Foundations and Advances 1-6, 2016.

http://www.iaeme.com/IJARET /index.asp editor@iaeme.com




Hasil-9

ORIGINALITY REPORT

18 12 106 4

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Winda Noor Santi, Moh. Toifur. "Analysis of
Micro Structure and the Resistivity of Cu / Ni
Thin Coat as a Low Temperature Sensor Using
Electroplating Method Assisted with Magnetic
Field outside of the lon Flow", Key Engineering
Materials, 2021

Publication

D%

)

paper.researchbib.com

Internet Source

D%

e

Submitted to Rajamangala University of
Technology, Thanyaburi

Student Paper

3%

-~

laeme.com

Internet Source

T

c

www.hrpub.org

Internet Source

T

Muthi'ah Lutfia Khansa, Moh. Toifur, Azmi
Khusnani, Yudhiakto Pramudya. "Deposition
Time Variation on Thickness and Resistivity of
Cu/Ni Thin Film Obtained by Magnetic Field-

T



Assisted Electroplating Process", Journal of
Physics: Conference Series, 2019

Publication

=

doczz.net

Internet Source

(K

M Toifur, Y Yuningsih, A Khusnani.
"Microstructure, thickness and sheet
resistivity of Cu/Ni thin film produced by
electroplating technique on the variation of
electrolyte temperature", Journal of Physics:
Conference Series, 2018

Publication

<1%

G. REZAZADEH, M. PASHAPOUR, F.
ABDOLKARIMZADEH. "MECHANICAL
BEHAVIOR OF A BI-LAYER CANTILEVER MICRO-
BEAM SUBJECTED TO ELECTROSTATIC FORCE,
MECHANICAL SHOCK AND THERMAL
MOMENT", International Journal of Applied
Mechanics, 2012

Publication

<1%

—
o

Sersc.org

Internet Source

<1%

—
—

Fahmi Anwar, Abdul Fadlil, Imam Riadi.
"Validation Analysis of Scalable Vector
Graphics (SVG) File Upload using Magic
Number and Document Object Model (DOM)",
International Journal of Advanced Computer
Science and Applications, 2020

<1%



Publication

leadthecompetition.in

Internet Source p <1 %
bpi.uad.ac.id

IntE:)rnetSource <1 %
sciencetechindonesia.com

Internet Source <1 %

Exclude quotes On Exclude matches

Exclude bibliography On

Off



