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ABSTRACT 
 

Thin film copper-based RTD still has a low TCR. Hence, plating a Cu-based RTD with nickel will 

develop a higher TCR. TCR is the sensitivity of RTD’s value in response to temperature change. The 

experimental design in constructing Cu/Ni thin film by using the electroplating method with a 

concentration of solution and electrode spacing’s variation has been done. Electroplating is performed 

with a concentration of solution and electrode spacing’s variations. Electroplating processed by limiting 

DC voltage to 6 volts. Electrolyte solutions composition were NiSO4, Ni2Cl2, H3BO3 and aquades. 

Concentrations of solutions can be varied by changing NiSO4 and Ni2Cl2 masses. Based on these 

concentrations of solutes and electrode’s spacing, this research used 15 samples. Thickness, thin-film 

resistance, and temperature sensor test are performed to each sample. The purpose of thickness test is to 

measure nickel plates which were formed from the electroplating process. Thin-film resistance test 

performed to measure sample resistance changing to the electroplating process, and the temperature 

sensor test was performed to measures the sample’s sensitivity in responding to temperature changes. 

This research’s result shows the greater the concentrations of solutes used for copper electroplating, the 

thicker nickel plates will form. This condition makes its resistance’s value decreasing. 

   

Keywords: thin layer resistance, concentration of the solution, electrode distance, electroplating, thin layers 

of Cu / Ni, RTD, modules 

 

 

 

INTRODUCTION 
 

Resistance Temperature Detector 

(RTD) is a sensor used to measure 

temperature by utilizing the Temperature 

Coefficient of Resistance (TCR). TCR is a 

temperature-resistance coefficient, which 

states the level of RTD sensitivity in 

responding to changes in temperature. The 

higher the TCR coefficient value of an 

RTD material, the greater the sensitivity to 

temperature changes. By increasing the 

TCR value of a material, it will also 

increase the level of sensitivity of the 

material to changes in temperature. 

Increasing the temperature can increase the 

resistance value of RTD, and vice versa, if 

the temperature decreases, the RTD 

resistance value will decrease 

(Chowdhury, 2010). 

RTD is made from various types of 

metals or alloys including platinum 

(Maher, 2014), copper (Imran, 2006), 

nickel (Nusse, 2008) and nickel copper 

alloys. Of the various metals used, in 

making RTD, platinum is the most widely 

used because platinum has the highest 

TCR (S.K. Sen, 2011). 

RTD that exist today can be a winding 

wire or thin plate. RTD in the form of 

plates or thin layers has an advantage 

when compared to RTD in the form of a 
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coil of wire. These advantages include, 

lower prices, fast response, smaller size 

and resistance to impact. 

To measure very low temperatures, 

the copper can be used as it has a good 

linear characteristics in response to 

relatively small changes in temperature. 

Copper has a lower TCR coefficient 

compared to platinum (Riswanto, 2014). 

Therefore, efforts should be made to 

increase the TCR coefficient of copper so 

that it approaches the platinum TCR. 

There are many ways that can be used 

to increase the value of material resistance, 

one of which is to contaminate or add 

layers to other metals. Besides by adding 

impurities to the material, forming into 

plates or thin layers is a way that can be 

used to increase the value of material 

resistance (Sudjatmoko, 2005). 

The metal that can be used as a copper 

impurity is nickel. Nickel is a metal that 

can be easily found because of its 

abundant presence, also has a relatively 

low or inexpensive economic value. As is 

nature that can reduce the purity of copper, 

nickel is a good enough material as 

impurity on copper. 

There are several methods or ways to 

add impurities or layers to a metal such as 

hot dopping, electroplating, spraying, 

cementation, and diffusion. Electroplating 

is the most widely used method, because it 

is relatively easier and cheaper 

(Sukarelawan, 2015). 

The process of adding nickel impurity 

to copper by the electroplating method is 

done by dipping copper and nickel in an 

electrolyte solution and connecting it to a 

voltage source. The electroplating process 

is one of Faraday's experimental 

applications. To get the best results, there 

are several things that must be considered 

in the electroplating process, including the 

concentration of electrolyte solution 

(Sukarelawan, 2015), and the distance of 

the electrode. 

In the application of RTD to measure 

temperature, RTD circuits can be 

connected with 2-WCB, 3-WCB and 4-

WCB transducers. Transducer used in the 

form of wheatstone bridge which aims to 

obtain accuracy measurement of resistance 

which has a relatively small value. 2-WCB 

and 3-WCB transducers still produce 

excessive self heating compared to 4-WCB 

transducers. 

Modules on thin layer resistance and 

electroplating in the RTD concept tend to 

be scarce, whereas in the conduct of this 

experiment, researchers need modules on 

thin layer resistance and electroplating on 

RTD. With this condition, it is expected to 

produce a module about thin layer 

resistance and electroplating in the RTD 

concept. 
 

Temperature Sensor 
 

The sensor is defined as a device that 

functions to receive and respond to signals 

in the form of physical or chemical 

quantities to be converted into electrical 

quantities using electronic circuits. The 

amount of electricity must be able to be 

channeled, strengthened and modified by 

electric circuits (Fraden, 2004). 

Temperature sensors detect physical 

parameters such as resistance or output 

voltage according to temperature changes 

(Wilson, 2005). There are various types of 

temperature sensors, namely 

thermocouple, thermistor (thermal resistor 

or thermal sensitive resistor), and RTD 

(Resistance Temperature Detector). 
 

Thin Layer RTD 
 

 
Figure 1. Thin layer RTD (source: Wilson, 

2005) 

RTD in the form of thin layers with 

platinum or alloy RTD material is made 
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with snake-like lithography to ensure the 

length or width of the ratio is quite large 

(Fraden. 2010). RTD is characterized by 

positive linear changes in material 

resistance to temperature changes. 

The RTD is then connected to a series 

of wheat stone bridges that function as a 

change in the resistance of the material 

used as the manufacture of RTD to the 

voltage as an output. Wheatstone bridges 

that are connected to RTD are usually 2-

WCB, 3-WCB and 4-WCB wheat stone 

bridges. 
 

RTD with 4-WCB wheatstone bridge 

transducer 
 

The RTD that is connected with the 4-

WCB wheatstone bridge is a series of low 

temperature sensors with the best level of 

accuracy when compared with RTD type 

2-WCB and type 3-WCB. The addition of 

two connecting cables as an extension 

cable that transmits heat (self heating) into 

an output voltage. 

 
Figure 2. RTD circuit with 4-WCB transducer 

 

The output voltage of the RTD with 

the 4-WCB wheatstone bridge can be 

written in the following equation: 
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If value 
LLL RRR == 21
, then 

equation (5) becomes the following 

equation: 
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The RTD value can be obtained by 

modifying equation (6) to: 
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Material Resistivity 
 

The resistivity or resistance of a 

material is the tendency of a material to 

inhibit the flow of electric current, which 

is useful for determining the ohmic and 

non-ohmic properties of a material. The 

material's ohmic properties are the 

properties of materials that can conduct 

electricity, and the non-ohmic properties 

are the properties of materials that cannot 

conduct electricity (Safitri, et al. 2014). 

The amount of material resistivity is 

influenced by thermal vibrations, 

impurities and plastic deformations, which 

can be expressed in the equation 

(Sukarelawan, 2015): 

dittotal  ++=
,  (8) 

where t = thermal vibrations, i = impurity 

and d = deformation. 

Resistance is expressed as the value of 

the electrical resistance of a material that is 

electrified from a voltage source. 
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l 

p 

Mathematically, the value of material 

resistance is obtained by the equation: 

l

V
R


=

,            (9) 

where R = material resistance, i = strong 

current and δv = voltage. 

By dividing the quantity r by the 

length l and the surface area of material A, 

the material resistivity value is obtained in 

the equation: 

A

l
R =

,             (10) 

where ρ = material resistivity. 

If the material is a thin layer (figure 

3), then the material resistance equation 

can be obtained: 

t
R


=

,            (11) 

If the t value is very small, then the 

material resistance equation is known as 

the sheet resistance.  
 
 

 
Figure 3. Thin layer in 3 dimensions 

 

It has been said that the resistivity 

value of the material is affected by thermal 

resistivity, the more the temperature 

increases, the resistivity of the material 

will increase. As seen the resistivity value 

of the material is directly proportional to 

the resistance of the material, it can be 

concluded that an increase in temperature 

can trigger an increase in material 

resistance. The relationship between the 

amount of resistance and temperature can 

be written in the equation: 

)1( 2

0 TTRRT  −++=
,      (12) 

where rt = temperature at t in ohms 

(ω), r0 = resistance at 0oC in ohms (Ω), α 

and β = standard constants and t = large 

increase in temperature in ⁰C. 
 

Four-Point Probe 
 

Four-point probe is a tool that can be 

used to measure the value of resistance or 

resistance to s of electrical material, in the 

form of metals or semiconductors in the 

form of thin layers (thin layers) used in the 

manufacture of electronic devices 

(Haryadi, 2014). 

The four-point probe tool scheme and 

the thin surface current distribution model 

in the use of the four-point probe are 

presented in Figure 4 and Figure 5. 

 
Figure 4.  The four-point probe tool scheme 

(Toifur, 2015). 

 

In accordance with Figure 4, the four-

point probe consists of 2 probes that 

function to flow electric current on the 

surface of the thin and 2 probes that serve 

as a point of measuring the voltage when 

the probe is touched on the thin. 

 Figure 5. Current distribution models on the 

surface of thin layers using a four-point probe 

(Toifur, 2015). 

 

In figure 5, if the distance between the 

probes is equal, s, then the potential 

difference between points B and C from 

the positive current source A can be 

determined using the equation: 
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While the potential difference 

between points B and C from the negative 

current source D can be determined by the 

following equation: 
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By summing equations (13) and (14) a 

total potential difference can be obtained 

between points B and C. 
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By substituting equality (15) in 

equation (11), the resistivity of the pieces 

is presented in equation (16). 

I

V
RS =

2ln



     (16) 

 

Elektroplating 
 

 
Figure 6. Electroplating tools scheme 

 

Electroplating is the process of 

settling the desired metal ions (anodes) 

above the other metal (cathode) by 

electrolysis. During the deposition process, 

chemical reactions occur at the electrodes 

(cathode and anode) and the electrolyte in 

a particular direction (Basmal. 2012). In 

electroplating required direct current (DC) 

and a constant voltage 

Important elements in the 

electroplating process are as follows: 

a. Electrical circuits (circuits) outside. 

The external circuit is composed of a 

DC current source, and the necessary 

equipment such as a voltmeter, 

ammeters, thermometers, and voltage 

and current regulating devices. 
b. Cathode. The cathode is a negative 

electrode which is the object to be 

coated. To note, the cathode used is a 

metal that has a collection of bound 

atoms and electrons can move freely so 

that the electroplating process can 

provide the best results. 
c. Anode. Anode is a positive electrode 

used to coat the cathode. 
d. Electrolyte solution. Electrolyte 

solution is a solution that functions as 

a medium to transfer ions from the 

anode to the cathode. 
According to Rieger (Sukarelawan, 

2015), the quality of electroplating results 

is influenced by several factors, namely: 

a. Current flow. Current density affects 

the cross-section structure of the 

coating metal. Small dense currents 

cause a cross-shaped crystalline 

structure of quartz and large current 

densities cause crystals to tend to grow 

like trees. 

b. Concentration of electrolyte solution. 

The concentration of electrolyte 

solution affects the current density. 
c. Temperature of the electrolyte 

solution. The temperature of the 

electrolyte solution affects the rate of 

ion transfer from the anode to the 

cathode. Crystal growth and decreasing 

of h2 gas potential are affected by the 

increase in temperature of the 

electrolyte solution. 
d. PH value of the electrolyte solution. 

The value of the degree of acidity (pH) 

is affected by the concentration of the 

solution. Sutomo stated to adjust the 

pH of the electrolyte solution needs to 

Katoda Anoda 

V 

A 

Larutan 

Elektrolit 

Power Supply 



 
 

Indonesian Journal of Science and Education, Volume 4, Nomor 2 

|104 

be added elements that function as a 

regulator of pH. 
e. Time of coating. Rasyad (2011) states 

that the coating time will affect the 

quantity of coating results that will 

occur on the surface of the product to 

be coated. 
According to Osye Kurneli, et al, the 

factors that influence the electroplating 

process are throwing power. Throwing 

power is the ability of an electrolyte 

solution to produce an even thickness on 

the surface of the cathode by varying the 

distance of the anode and cathode. 

Throwing power is expressed as a percent 

(%). According to Parthasarady, the 

factors that influence throwing power are: 

a. Physical: the shape of the electrode 

geometry and the distance of the 

electrode. 

b. Chemical: composition of the 

solution, the acidity of the solution, 

dissolved impurities and addictive 

substances. 

c. Electrical: current density, solution 

conductivity, solution efficiency. 

Derek Pletcher, states that a large 

percentage of throwing power can be 

obtained from the field equation:  

 

2

)(100
)%(

−+

−
=

BK

BK
werThrowingPo

, (17) 

with: 

K = ratio of anode and cathode 

distance 

B = weight ratio of metal deposits 

 

The electroplating process is based on 

Faraday's legal principles. In Faraday's law 

the weight of the deposited metal is 

directly proportional to the time and 

electric current (Basmal. 2012). The 

statement can be written mathematically in 

the following equation: 

nF

ItM
W a=

,    (18) 

with: 

W = weight of deposited metal 

(grams) 

Ma = atomic mass (gram / mol) 

I = electric current (ampere) 

t = time (seconds or seconds) 

n = valence electron 

F = faraday number (96,500 

coloumb) 

 

Lowenheim states the thickness of the 

formed from the electroplating process in 

the equation (Basmal, 2012): 

A

W


 =     (19) 

with: 

   = thickness of the formed (cm) 

    = density of (gr / cm3) 

W = weight of formed (gr) 

A = surface area of the (cm2) 

 

Characteristics of Copper (Cu) and 

Nickel (Ni) metals 
 

 
Figure7. Cristal structure of nickel metal 

 

Copper is a chemical element with the 

symbol Cu and has an atomic number of 

29. Copper belongs to the category of non 

ferrous heavy metals because it does not 

find Fe and C as its basic elements. 

Physically, copper is a metal that has a 

high electrical conductivity and heat. 

Copper metal configuration [Ar] 3d10 4s1. 

Copper is the second metal after silver 

which has a high conductivity value. 
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Table 1. Characteristics of copper metal (Cu) 

Criteria  Specifications 

Melting point 1357,77 K 

Boiling point 2835 K 

Atomic mass 63, 546 gram/mol 

Density 8,96 gr/cm3 

Crystal structure 
FCC (face-centered 

cubic) 

Smelting heat 13 26 kj/mol 

Evaporation heat 300,4 kj/mol 

Heat capacity  24.440 j/mol.K 

Linear expansion 

coefficient 

1,65 μm.m-1. K-1 at 

25oC 

Electrical resistivity 16,78 nΩ. M at 20oC 

Thermal conductivity  401 w/m.K 

  

 

Nickel is a chemical element in the 

periodic table that has the symbol Ni and 

atomic number 28. The electron 

configuration of nickel is [Ar] 4s2 3d8. 

The mechanical properties of nickel 

include corrosion resistance, oxidation 

resistance and resistance to high 

temperatures. Nickel is very strong and has 

the properties of clay (ductile), is 

ferromagnetic, very easily combined with 

other metals. Because of this physical 

property, nickel is widely used as an 

alloying material in other metals. 

 
Table 2. Characteristics of nickel metal (Ni) 

Criteria Specifications 

Melting point 1455oC 

Boiling point 2913oC 

Atomic mass 58, 6934 gram/mol 

Density 8,908 gr/cm3 

crystal structure Fcc (face-centered cubic) 

Smelting heat 17, 48 kj/mol 

Evaporation heat 377, 5 kj/mol 

Thermal 

conductivity 
90,9 w/m. K 

The coefficient of 

linear expansion 
13,4 μm.m-1. K-1 at 25oC 

Electrical resistivity 69,3 nΩ. M at 20oC 

Heating capacity 26,07 j/mol. K 

  

 

 
Figure 8. Nickel metal crystal structure 

 

Nickel as a Coating Material in the 

Electroplating Process 

In the electroplating process with 

nickel coatings, electrolyte solutions that 

can be used include nickel sulfate (NiSO4) 

and nickel chloride (NiCl2). The acidity 

(pH) level of the electrolyte solution needs 

to be considered. So that the acidity level 

can be obtained, it is necessary to add 

boric acid (H3BO3) as a control for the 

acidity of the electrolyte solution. 

According to Sugiaryta (2012), the 

level of acidity in electrolyte solutions 

permitted so that the electroplating process 

can occur properly is in the range of 2-4.5. 

Meanwhile, according to Rasyad (2011), 

in nickel electrolyte solution, the permitted 

pH value is in the range of 1.5-5.2. 

Chemical reactions that occur during 

the electroplating process with nickel as a 

coating material can be explained as 

follows (Sukarelawan, 2015): 

On the cathode 

Formation of a 

nickel coating 

Ni2
+ (aq) + 2e- → 

Ni (s) 

Formation of 

hydrogen gas 

2H+ (aq) + 2e- → 

H2 (g) 

Reduction of 

dissolved oxygen 

½ O2 (g) + 2H+ → 

H2O (l) 

At the anode 

Formation of 

oxygen gas 

H2O (l) → 4H+ (aq) 

+ O2 (g) + 4e- 

Hydrogen gas 

oxidatio 

H2 (g) → 2H+ (aq) + 

2e- 

Characteristics With XRD 
 

The series of X-ray diffraction 

devices, composed of three main 

components, namely the source of X-ray 

(x-ray source), the material being tested 
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(specimen) and the X-ray detector (X-ray 

detector). 

X-rays are a form of electromagnetic 

radiation that has energies between 200 eV 

to 1 meV with wavelengths ranging from 

0.5 to 2.5 amstrong. Because the 

wavelength is almost the same as the 

distance of the electron electrons in the 

crystal, x-rays are widely used as a mineral 

analysis technique (Suryanarayana and 

Norton, 1988). 

 
Figure 9. X-ray difraction. 

 

X-ray diffraction is one of the 

techniques used to identify the crystalline 

phase in material materials to analyze the 

structural properties of materials. Bragg's 

Law states that the difference in the x-ray 

diffraction path must be a multiple of the 

wavelength, mathematically it can be 

written as follows (Suryanarayana and 

Norton, 1988): 

sinθ 2dn =
                   (20) 

With 

n = integers 1, 2, 3, ... 

λ = wavelength 

d = distance between fields 

θ = diffraction angle 

The X-ray diffraction beam will be 

received by the X-ray detector which will 

then be presented in the form of a graph of 

the relationship between the intensity of 

the spectrum and the angle of 2θ. From 

this graph, it can be seen (1) the estimated  

size of the crystal, (2) the relative 

composition of the mixture, (3) the lattice 

parameters and (4) the structure of the 

material. 

 

METHODS 
 

The sample in this study is a thin layer 

of copper measuring 10 cm x 3 cm, with a 

width of 2 mm lithographic pathway as 

many as 15 pieces which will be coated 

with Ni by the electroplating method. 

The electroplating method is done by 

varying the concentration of the solution 

and the electrode distance. Next, the 

sample is tested thickness, resistivity test 

with a four-point probe and temperature 

sensor test using liquid nitrogen to obtain a 

negative temperature. 

Before the electroplating process, the 

sample was cleaned using sandpaper size 

3000. Furthermore, the sample was 

washed using soapy water, rinsed with 

distilled water, soaked with HCl, rinsed 

with distilled water, soaked H2SO4, rinsed 

with distilled water, dried and stored with 

wrapped tissue and then put it in a plastic 

clip. 

Electroplating process to be varied 

concentration (Table 4) and the electrode 

spacing of 4 cm, 6 cm and 8 cm. The 

naming of samples is based on these 

variations (table 3). The electroplating 

circuit according to Fig. 6 with the cathode 

is nickel metal and the anode is a thin layer 

of copper. The temperature of the 

electrolyte solution is set at ± 65oC. 

Electroplating was done in 1 minute. 

 
Table 3. Naming samples 

Solution to - 1 2 3 4 5 

Distance       

4 cm S1 S2 S3 S4 S5 

6 cm S6 S7 S8 S9 S10 

8 cm S11 S12 S13 S14 S15 

 

Table 4. Solution concentration 

Solution to 

- 

NiSO4 

(gram) 

NiCl2 

(gram) 

H3BO3 

(gram) 

Aquades 

(ml) 

1 200 40 30 1000 

2 225 45 30 1000 

3 250 50 30 1000 

4 275 55 30 1000 

5 300 60 30 1000 

 

Before the electroplating process the 

sample was weighed to determine the mass 

of the sample before electroplating (m1) 

and measured the resistance value before 

the electroplating process (RS1) using a 

four-point probe. The sample is rinsed 

with distilled water, dry it, weigh the 
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sample to determine the mass of the 

sample after the electroplating process 

(m2) measure the resistance value after the 

electroplating process using a four-point 

probe (RS2) and stored back into a plastic 

clip. 

Sample testing as a low temperature 

sensor is carried out using a 4-WCB 

transducer and liquid nitrogen. The sample 

test is carried out in the range of ± 138⁰C 

to ± 0⁰C. The results of the low 

temperature sensor test are the relationship 

between temperature changes and changes 

in output voltage. 
 

RESULTS AND DISCUSSION 
 

The mass data of the sample before 

(m1) and after (m2) electroplating process 

were analyzed to determine the thickness 

of the formed Ni layer. The analysis was 

performed using equation 19. The results 

of the analysis are presented in table 5. 
Table 5. Data thickness of the formed Ni layer 

Sample 
Sample Mass (gr) 

δ (cm) 

x10-5 
m1 m2 Δm 

S1 2,2101 2,2115 0,0014 1,05 

S2 2,39 2,3919 0,0019 1,42 

S3 2,2582 2,2605 0,0023 1,72 

S4 2,2922 2,2948 0,0026 1,95 

S5 2,3954 2,3984 0,003 2,25 

S6 2,2508 2,2519 0,0011 0,82 

S7 2,2514 2,2531 0,0017 1,27 

S8 2,3572 2,3593 0,0021 1,57 

S9 2,388 2,3904 0,0024 1,80 

S10 2,2277 2,2305 0,0028 2,10 

S11 2,2896 2,2906 0,001 0,75 

S12 2,4056 2,4072 0,0016 1,20 

S13 2,3268 2,3288 0,002 1,50 

S14 2,3463 2,3486 0,0023 1,72 

S15 2,2683 2,271 0,0027 2,02 

 
Figure 10. Graph of the relationship of the 

concentration of solution to the thickness of the Ni 

layer formed for each electrode distance 

 

Based on the graph in Figure 10, it is 

shown that the greater the concentration of 

the electrolyte solution, the thicker the Ni 

layer is formed. This condition is caused 

because the concentration of the solution 

affects the electroplating current density. 

The greater the concentration of the 

solution, the greater the current density 

increases, so that the repositioning process 

is faster which results in the thicker layer 

formed. 
Table 6. Increase data on sample resistance. 

Sample 
Resistivity of a sample chip (Ω/sq) 

RS1 RS2 ΔRS 

S1 0,010217 0,010267 0,00005 

S2 0,010032 0,010152 0,00012 

S3 0,009785 0,009917 0,00013 

S4 0,009743 0,009805 0,00006 

S5 0,009733 0,009773 0,00004 

S6 0,009361 0,009431 0,00007 

S7 0,009353 0,009409 0,00006 

S8 0,009299 0,009403 0,00010 

S9 0,00901 0,00908 0,00007 

S10 0,008873 0,009003 0,00013 

S11 0,008407 0,008497 0,00009 

S12 0,007924 0,008075 0,00015 

S13 0,007789 0,007869 0,00008 

S14 0,007098 0,007238 0,00014 

S15 0,007095 0,007198 0,00010 
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Based on data in Table 6, it appears 

that the electroplating can increase the 

value of the resistivity of the thin layer of 

the sample. 

 
Figure 11. Relationship concentration of the 

solution to the thin layer of sample resistivity 

values after electroplating 

 

In figure 11, it appears that the 

resistivity value of the sample decreases 

with increasing concentration of the 

solution. This is due to the increase in the 

concentration of the solution resulting in a 

thicker layer of nickel formed so that 

electrons in the thin layer move more 

easily. 

Temperature sensor test on the sample 

produces a relationship of temperature 

changes to changes in output voltage. The 

output voltage output is converted to RTD 

resistance by modifying equation 7. 

 
Figure 12. Graph of the relationship of temperature 

changes to resistance for a 4 cm electrode distance. 

 

 
Figure 13. Graph of the relationship of temperature 

changes to resistance for a 6 cm electrode distance. 

 
Figure 14. Graph of the relationship of temperature 

change to resistance for an electrode distance of 8 

cm. 

 

Figure 12 and Figure 13 show that the 

highest resistance value was obtained with 

a concentration of 1 during electroplating 

(S1 and S6). In contrast to Figure 14 where 

the highest resistance was obtained for S12 

samples, for which the electroplating 

process was carried out at concentration 2. 

With second order polynomial 

regression conducted on the data, TCR 

values of each sample were obtained. The 

highest TCR was obtained 2311.2 ppm / 

⁰C for the electrode distance of 4 cm (S4), 

for the 6 cm distance of 1592 ppm / ⁰C 

(S7) and for an 8 cm distance of 1474.8 

ppm / ⁰C (S12). 
 

CONCLUSION 
 

1. An experimental design of RTD-based 

low temperature sensors has been 

designed with electroplating method 

on the variation of the concentration of 

the solution and the electrode distance. 

2. The greater the concentration of the 

solution, the layer formed by the 

electroplating process gets thicker. 

3. Electroplating can increase the value of 

the resistivity of the thin layer of the 

sample. 
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