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Abstract 

Temperature is defined as the measure of the average kinetic energy of the particles in 

materials. It is a fundamental quantity which affects any object and process including 

industrial processes, electrical systems’ components, life and health of living things, 

agricultural soil, highways, buildings, dams, environment, etc. So, it should be properly 

quantified and controlled using highly accurate, precise, environmentally friendly, in-situ, low-

power and inexpensive thermometers. There are many kinds of thermometers with the 

disadvantages of high power requirement, possession of poison sensing materials, high cost, 

inaccurate and imprecise. Here, we discuss the development of nanoceramic nickel manganate 

(NiMn2O4) thermistor powder based digital electronic thermometer probe. The nanomaterial 

was synthesized using acetates of Nickel (Ni) and Manganese (Mn) as precursor materials by 

using the solution route technique. The fabricated powder was characterized using field 

emission scanning electronic microscopy (FeSEM) and energy dispersive spectroscopy (EDS) 

for its morphology and composition respectively. Powder x-ray diffraction (XRD) was also 

used to determine the crystal structure and crystallite size of the sample. The sample is 

unformed in morphology, spinel in structure, 24 nm in average crystallite size and composed 

of Ni, Mn and O2 in the proper ratio. The 0.35 gm of the powder was filled and pressed well in 

2 mm diameter and 2 cm long cylindrical tube to fabricate and characterize the thermistor 

based thermometer. The resulting thermistor was characterized and calibrated using the Stein 

and Hart and the β-coefficient thermistor models. The embedded system for the thermometer 

was developed using atmega328 microprocessor-based microcontroller, a simple voltage 

divider electric circuit, stainless steel cylindrical tube and 3D printed package. The system was 

programmed using Arduino programming integrated development environment (Arduino 

IDE). The features of resulting thermometer are 4-digit precision, 0 ℃-70 ℃ range of 

temperature measurement, 5 V DC power supply requirement, contains environmental friendly 

chemicals and is highly accurate. It can be used primarily in agriculture. It can also be used 

in industry, medicine, automobile, environment, food processing, home automation, etc. 

Additionally, it can be the element of sensor nodes in wireless sensor networks (WSNs) and 

Internet of Things (IoT) technology in automation.   
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1. Introduction 

A thermometer is an instrument used to measure temperature. It is used in industry, 

medicine(Husain et al., 2014; Ota et al., 2017; Sun et al., 2018), agriculture(Almaw Ayele 

Aniley et al., A 2017; Almaw Ayele Aniley et al., 2019; Almaw Ayele Aniley et al., 2019; 

Naveen Kumar S K et al., 2019), home automation(David et al. 2015; Hamed and Hamed 2015; 

Reza et al., 2018), food processing, environment, and research(Goswami and Kumar, 2018; 

Priyadarshi, 2015; Sahu et al., 2015). World metrological organization (WMO) defines 

temperature as a physical quantity characterizing the mean random motion of molecules in a 

physical object(IAEA, 2008). Temperature can also be defined as a measure of how much 

warm or cold an object is. In general, temperature affects both living and non-living things in 

any ecosystem. For example, in the soil and soil ecosystem(Zuk-Golaszewska et al., 2003) 

temperature affects photosynthesis(Arai-Sanoh et al., 2010; Cai and Dang, 2002; Shah and 

Paulsen, 2003), respiration(WANG, 2004), transpiration (Boselli et al., 1998; Cox and 

Boersma, 1967; Clements and Martin, 1931; Gardner and Ehlig, 1963; Pallas et al., 1967), the 

water potential of the soil(Caron and Boudreau, 2006; Jong and Best 1979) soil 

translocation(Ge et al. 2015; Luan et al. 2014; Onwuka 2018; Trust and Phytologist, 2012), 

and microbial activities(Davidson and Janssens, 2006; Mew, 1977). Hence, it reduces crop 

product in terms of quantity and quality in agriculture(Valente et al. 2006). Generally, it is 

therefore affects the physio-chemical processes that are taken place on the earth.  

Figure 1 depicts the different types of temperature measuring devices for different 

applications. The details of most of these devices are available in the originals works 

somewhere (Kedzierski, 1993; Fluke Corporation, 2006; Klaus-Dieter Gruner, 2003;Almaw 

Ayele Aniley et al., 2017;Naveen Kumar S K et al., 2019) but in this paper only thermistors is 

going to be explained because of their own advantages over the others.  

 

 

Figure 1. Classification of the available thermometers 

 

The word thermistor is obtained from the two words thermal and resistor as a Thermally 

sensitive resistor(Jacob Fraden, 2004; Jagtap et al., 2010). Based on the resistance temperature 

characteristics, thermistors can be classified as positive temperature coefficient resistance 

(PTCR) thermistors and negative temperature coefficient resistance (NTCR) thermistors. In 

PTCR thermistors as the temperature increases, the resistance also increases but in the case of 

NTC thermistors the opposite event occurs.  The first evidence for the NTCR behaviour was 

registered on 21 February 1833, by the English philosopher Michael Faraday, who observed 

the resistance of silver sulphide, Ag2S, to decrease with increasing temperature(Jacob Fraden, 
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2010). Thermistors can also be classified as low temperature (-323-423K) and high temperature 

(423-1173K) thermistors depending on the range of temperature they can measure. Low-

temperature thermistors can be synthesized from mixed oxides of Mn, Ni, and Co. The 

principal advantages of using thermistors in measuring temperatures are having a large change 

of resistance with temperature i.e.,10 times higher than that of metals; availability in a wide 

range of resistances; no need of reference junction; little affected by the usual chemical and 

physical conditions of the environment(can be fully secured); small and mechanically rugged. 

Thermistors can be fabricated as pellets, discs, rods and thick films. For example, Jungho 

Ryu et al fabricated NTC thermistor thick films of NiMn2O4 on the glass substrate by Aerosol 

Deposition (AD) at Room Temperature (RT)(Fluke Corporation, 2006). One big disadvantage 

of thick film thermistors is the presence of lead(Pb) as an adhesive material which is extremely 

toxic for life(Jagtap et al. 2010). In addition film fabrication techniques are complex and 

expensive.  

In this work, synthesis and characterization of NiMn2O4 nanoceramic powder based and 

lead (Pb) free digital electronic thermometer probe fabrication, calibration and testing are 

discussed using simple and an economical method.  

Thermistors are being used for many different areas of applications in every day to day 

activities of the society.  To mention a few they used as temperature sensors, inrush current 

limiters, self-resetting over-current protectors and self-regulating heating elements etc.  

2. Materials and Methods 

There are two models for NTC thermistors (Gregg Lavenuta, 2018) namely the Stein and 

Hart model and the β-coefficient models. These models are given in equation (1) and equation 

(2) respectively. 

 
1

𝑇(𝐾)
= 𝐴 + 𝐵. 𝑙𝑛(𝑅)  +  𝐶. (𝑙𝑛(𝑅)) 3 Equ…1                                  

1
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1
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Equ…2 

Where, 𝑇(𝑘) is the temperature in degree Kelvin:𝐴, 𝐵, and 𝐶 are constants; 𝑅 is the 

resistance of the thermistor in Ω; 𝑇𝑜(𝐾) is reference temperature; 𝑅𝑜 is the resistance of the 

thermistor at reference temperature.  The constants can be obtained simultaneously from any 

three temperature and resistance measurement data of the given thermistor. There are software 

to calculate the coefficients by providing the three resistance of the thermistor and the 

corresponding temperatures(Coefficient and Rt, 2012), for example, srs thermistor calculator. 

It is also very simple to calculate the coefficients and the constants using paper and pencil 

method. A simple Matlab code could also be written to solve any simultaneous equations in 

general.   

From equation (2)  𝛽 can be simplified and given in equation (3) to calculate β. 
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2.1. Methods 

2.1.1. Synthesise of Nimn2o4 Nanoceramic thermistor powder  

The NiMn2O4 nanoceramic powder is synthesized by a modified wet chemical method 

called solution route. The 0.002 Kgms of tetra-hydrated Nickel acetate and 0.00394 Kgms of 

tetra-hydrated Manganese acetate powders are dissolved in 0.02 l of distilled water each in 

separate beakers. Each solution is kept in a magnetic stirrer on a hot plate at a temperature of 

310K for 1800 seconds. Then after mix the two solutions and keep in a hot plate for 1800 more 

seconds. In addition, 0.0007 Kgms of Oxalic acid is dissolved in 0.0l l of distilled water in a 

separate beaker at room temperature. This solution is added to the previous solution under 

vigorous stirring condition that facilitates the chemical reaction and gel formation process. 

Then stirring is stopped and the resulting solution is kept at 343K on a hotplate until very thick 

sol is found. Next, this thick sol is dried in a muffle furnace at 373K for some time. Finally, 

the resulting powder is grounded using pestle and mortar and is calcined in a muffle furnace at 

1223K for 12600-14400 seconds. The synthesis setup the resulting sample powder and the 

calcination process are shown in Figure 1(a, b & c) respectively.  

 

 

Figure 1. Experimental setup (a), sample powder (b) and calcination(c) 

FeSEM/EDS and powder XRD are used to characterize the surface morphology and 

average crystallite size, composition, and crystal structure of the resulting nanoceramic powder 

respectively.  

 
2.1.2. Fabrication and calibration of the thermistor 

The materials used and the detailed thermistor fabrication processes are shown stepwise 

in Figure 3. The characterization and the calibration setup is also shown in Figure 3. For 

characterization and calibration, we have used LM35 temperature sensor self interfaced with 

Atmega328 microprocessor-based microcontroller, homemade FTO coated glass heater, digital 

multimeter and computer loaded with the required software. The calibration experiment is 

conducted to relate the resistance and the temperature of the resulting thermistor. The 

experimental results are used for calculating thermistor based thermometer modelling 

parameters. We have used the two thermistor modelling techniques namely the Stein and Hart 

and the β-coefficient models. The thermistor modelling parameters are coefficients (A, B and 

C), the room temperature resistance (R0), the room temperature (T0) and β-coefficient or 

material constant. 
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Figure 2. Fabrication process of the thermistor 

 

 

Figure 3. Characterization and calibration setup for the thermistor (a, in block diagram; b, physical 

characterization setup; c, component interconnection) 

3. Results and Discussion  

3.1. NIMN2O4 nanoceramic thermistor powder 

The calcined powder is characterized using FeSEM/EDS for its morphology and particle 

size and composition respectively. The FeSEM result shows that the crystalline morphology of 

the ceramic powder and the size as shown in Figure 4b whereas, the EDS result confirms that 

the powder contains Ni, Mn, and O2 in appropriate proportion as shown in Figure 4a. 

The X-ray powder diffraction (XRPD) analysis was conducted in a Rigaku X-ray 

diffractometer using Bragg–Brentano geometry in the continuous mode with speed of 

0.00883/second. Cu Ka radiation is used and the tube operated at 40000V and 0.025A current. 

The X-ray diffraction patterns are taken in the range of 10–80⁰ in order to cover the most intense 

peaks of the NiMn2O4 phase. The crystallite size of the powder is determined using the Scherrer 

formula as given in equation (4).  
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Figure 4. FeSEM/EDS characterization Result of the sample (a, EDS result; b, FeSEM result) 

                                          𝐷 =
0.9𝜆

𝛽cos (𝜃)
                                                          Equ…4  

Where λ is the x-ray wavelength of CuKα source 0.154059x10-9m, θ is the Bragg’s angle 

and β is the full width at half maximum (FWHM) of the diffraction peak in radians. 

The average crystallite size of the nine peaks becomes about 34x10-9m whereas, the 

minimum size is about 29x10-9m which was observed at the seventh peak and the maximum 

size is about 38x10-9m and observed in the first peak as shown in Figure 5. These results are 

also consistency within the range of the previous work(Almeida et al., 2008). The XRD result 

also confirms the existence of a spinel structure of the resulting nanoceramic powder. 

 

 

Figure 5. XRD result of the sample powder 

 

3.2.Thermistor calibration results  

The Stein and Hart and the β-coefficient models have been analysed and given in 

equations (5) and (6) respectively.  

 

  1 T(K)⁄ = −0.006489926 + 0.0010145764 ln(R) − 0.000001598861(ln(R))3 Equ…5 

Where A = −0.006489926, B = 0.0010145764 and   C = −0.00000159886. The 

coefficients were calculated using the Matlab and srs software. 

 
I

T(K)⁄ = I
298.15K⁄ + 1

6332.36K⁄ ln(
R

123.3646KΩ
)                                           Equ…6 

Where R0 = 1233646Ω, β = 6332.36K and T0 = 298.15K. The two thermistor models are 

compared and they are compatible. Therefore, the mathematical models are representative of 

the practically measured thermistor characteristics.  
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Figure 6.Ttemperature versus resistance characterization and calibration results of the 

thermistor (a, polynomial fit; b, linear fit) 

Figure 6a shows the existence of a very good fit between third order polynomial and the 

resulting tested values of the thermistor. Figure 6b also confirmed the existence of a good linear 

fit of the thermistor model which assured the same. Therefore, the mathematical models are 

representative of the practically measured thermistor characteristics. This thermometer is used 

to measure the temperature up to 70 ℃.  

3.3. Embedded system development results  

The embedded system consists of both hardware and software. The hardware design is 

shown in Figure 7 in block diagram while the algorithm for the software design is shown in  

Figure 9 in the flow chart.  

The fabricated thermistor, Atmega328, stainless steel tube, 16X2 LCD display, and 

8cmx8cmx4cm 3-D printed plastic box for packaging, and 5V DC power supply hardware 

incorporated with Arduino programming software are used for the embedded system 

development. The 15cm long, 7mm inner diameter and 8mm outer diameter stainless steel tube 

is used as a probe (Figure 11) to hold thermistor. Stainless steel tube has two main functions 

namely protecting the sensor from rust and other damages, and easily inserted during 

installation and testing in the field.  

Since the microcontrollers cannot read resistance and temperature directly, the resistance 

should be converted in the form of microcontroller readable physical quantities i.e., current or 

voltage signals. Therefore, the thermistor resistance variation should be converted into a 

voltage signal. To do so, a 1.02MΩ resistor is connected in series with the thermistor as a 

voltage divider. The detailed circuitry for the prototype of the system is shown in Figure 10. 

The complete circuit for the thermistor is shown in Figure 8.  The voltage Vo is supplied to the 

microcontroller’s one of the analogue terminals is given in equation(7)(web-1). 

 

 
Vo   =

V2. Rthermistor

Rthermistor + R
 

(Equ…7 

The microcontroller displays a value which is given by the following formula (equation (8)): 

 

 
ADC =

1023Vo

Vref
 

(Equa…8 

If we substitute Vo from equation (7), we will get the following expression (equation (9)).  

 

ADC =  1023 (
V2. Rthermistor

Rthermistor + R
) /Vref 

Equ…9 
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 If Vref=V2=5V, then equation (9) becomes (equation (10)): 

 

 
ADC = 1023

Rthermistor

Rthermistor + R
 

Equ…10 

 From equation (10), Rthermistor becomes (equation (11)):  

 

 
Rthermistor  =  

R

(
1023
ADC − 1)

 
Equ…11 

𝑅𝑡ℎ𝑒𝑟𝑚𝑖𝑠𝑡𝑜𝑟, was substituted in the thermistor models to calculate the temperature. The 

final output of the microcontroller is temperature. The temperature is displayed on the 16X2 

LCD display or serial monitor of the computer. The assembled and embedded system is shown 

in Figure 12. The algorithm for the software part of the system is shown in Figure 9 in 

flowchart.  

 

 
 

Figure 7. Design of the embedded system in block diagram 

 

 

Figure 8. Voltage divider circuit for the microcontroller input 
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Figure 9. Design of the software part of the embedded system in the flowchart 

 

 
 

Figure 10. prototype of the embedded system 

 

Figure 11. Designed thermometer probe 
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Figure 12. Fabricated embedded system 

3.4.Testing the Thermometer 

The fabricated thermometer has been tested by taking soil samples by adding water at 

different temperature as shown in Figure 13. LM35 IC temperature sensor and the fabricated 

thermometer are compared to measure the environment temperature. The readings are almost 

the same except small variation after the decimal point of the reading that is the maximum error 

read from the results is 0.033K. The result shows that the fabricated thermometer is working 

properly and the most promising especially in terms of cheap in cost, easy to prepare, easy to 

operate, durability and accuracy.  

 

 
 

Figure 13. Application of the fabricated thermometer in real-time soil temperature monitoring 

in agriculture 

4. Conclusion 

Thermometer from NTC nanoceramic thermistor powders is prepared easily using an 

inexpensive method and simple procedure. The procedures are synthesizing nanoceramic 

powders, characterizing the powders, prepare the thermistor, characterize and calibrate the 

thermistor, develop the embedded system and finally test the thermometer. The unique features 

of this thermometer are up to four digit precision temperature measurement and does not 

require any pellet making or film-making process. The other advantage of this device is it is 

lead-free which is poison chemical. In the future, this thermometer can be modified and used 

for several other applications. For example for medical application, ambient temperature 

measurement application and other critical temperature measurement application areas.   
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