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Abstract: The metals and metal oxide semiconductors (MOS) are classified on the energy band gap 

between conduction and valance bands. The energy band gap of any material indicating amount of 

energy required to charges to migrate from valance band to conduction band. In another way we can 

say that the band gap between to bands is nothing but a one type of barrier or resistance for charge 

carriers. The MOS thick or thin films has various applications like gas sensors, biosensors and others. 

The working principle of MOS based sensor is based on the change in resistance when particular 

material is in contact with particular gas molecules or enzyme. The electrical properties of any material 

is important parameter in any applications. Hence the current research work focused on the 

investigation of electrical properties of CuO-ZnO thick films. Thick films were prepared on glass 

substrate by screen printing technique. The electrical properties of prepared CuO-ZnO thick films 

were investigated by using resistivity, temperature coefficient resistance, and activation energy. The 

impact of wt. % ZnO additive on the electrical properties of CuO is described in the current research 

article. 
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1. INTRODUCTION: 

The mechanical, optical, electrical, catalytic, and magnetic properties of nanostructures make them 

special. These materials moreover have a high surface area per unit mass. Furthermore, when particles are 

nanoscale, new physical and chemical features appear. Gas sensing properties are also influenced by electrical 

characteristics like as resistivity, TCR, activation energy at high and low temperatures, and so forth. When 

the size of the material is reduced, both the specific surface area and the surface to volume ratio dramatically 

increase [1]. Additionally, the size and geometry of the materials have an impact on the motion of electrons 

and holes in nanostructured materials. Due to their characteristics, which may exceed the single phases by an 

order of magnitude, metal-oxide nanostructures are an exceedingly exciting type of nanomaterial [2, 3]. The 

synthesis of these materials holds promise. After the adsorption and photocatalysis processes are complete, 

the latter will reduce the losses of metal oxide nanoparticles by stabilizing the nanomaterials in the concrete 

mixture, which will also improve the filtration. Due to their structure, nanostructures also have unique, 

frequently unique, physical and chemical properties that can be exploited in a variety of fields, such as the 

development of new materials for use in the ecology, medicine, and energy [4-6].  

Thick films made of ZnO and CuO are frequently used in applications where variations in the electrical 

conductivity of the film can be linked to oxygen atom physisorption and chemisorption. Many monometallic 

transition base metal oxides, like ZnO and CuO, offer exceptional physical qualities, including a high 

dielectric constant, solid chemical and mechanical stability, and excellent insulation characteristics [7, 8].  

CuO is a p-type metal oxide semiconductor with a straight band gap of 2.0–2.2 eV. Due to its 

promising use in MEMS materials, solar cells, and gas sensors, it has drawn growing interest. The superior 

characteristics of CuO nanostructures have been proven as compared to bulk material. Because of their 
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intriguing characteristics and potential in a variety of applications, cupric oxide nanostructures are of great 

interest [9]. A black solid with a density of 6.4 g/cm3, pure cupric oxide is opaque. It is also insoluble in water 

and has a high melting point of 1330 oC. Cuprous oxide (Cu2O) and cupric oxide are the two types of 

polymorphism that appear in CuO. The two most significant stoichiometric elements in the CuO system are 

these oxides [8, 9]. 

ZnO is an n-type semiconductor, has a band gap of about 3.3 eV at ambient temperature, which is 

significantly larger. Higher breakdown voltages, the capacity to withstand huge electric fields, reduced 

electronic noise, and high-temperature and high-power operation are benefits connected with a large band gap 

[7, 10]. The electrical conductivity of ZnO is caused by an overabundance of zinc, likely interstitial and in 

oxygen vacancies in the lattice [10]. Hydrogen faults that are extrinsic have a higher likelihood of being 

assimilated as shallow donors. The goal of the existing research is to fabricate thick films of CuO-ZnO 

employing a screen printing technique and examining the electrical properties of CuO-ZnO thick films. 

2. Experimental work 

 

2.1 Preparation of thick films using screen-printing technique 

 

Fig. 1 depicts the setup process for the screen-printing technique and the preparation of thick films. As 

depicted in fig. 1, the screen-printing of the active powder paste was performed in three steps. 

 

 
Figure 1: Steps for preparation of thick film sample using screen printing technique 

 

CuO is used as an additive and ZnO is the base material in this work. In 70% inorganic material, the 

base material nanopowder was utilized with X wt. % additive (X = 1 wt. %, 3 wt. %, and 5 wt. %). Ethyl 

Cellulose was employed in 30 wt% of the organic material, whereas Butyl Carbitol Acetate (BCA) was used 

in 92 wt%. On a glass substrate, thick films of CuO-ZnO nanostructures were developed. The temporary 

binder was removed from the films by drying them under an infrared (IR) lamp for 30 minutes and then 

annealed at 250°C in a muffle furnace for two hours [11]. Fig. 2 shows the schematic of details experimental 

work. 
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Figure 2: Schematic of experimental work 

 

2.2 Electrical Characterizations of CuO-ZnO thick films 

2.2.1 Electrical Characterizations 

The electrical characterizations of CuO-ZnO thick films were studied using standard parameters like 

resistivity, TCR and activation energy at high and low temperature regions. Because this parameters shows 

the electric behaviours of the films for gas sensing and other applications. The system's components include 

a glass chamber or dome, a 2000 W nichrome heating coil, and a digital temperature indicator. A heater coil 

made of nichrome wire and a glass chamber make up the characterization system. By adjusting its voltage 

with a dimmer stat, the electric coil was utilized to raise the temperature from room temperature to 300°C. 

The prepared CuO-ZnO thick films electrical parameters were study using static electric circuit and 

electronic circuit which is called as half bridge method [11, 12].  Fig. 3 shows the schematic diagram of static 

electrical characterization system. 

 
Figure 3: Schematic diagram of static electrical characterization system 
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The D.C. resistance of thick films was measured as a function of temperature in the range of 30 to 300o C 

using half bridge method [12]. The resistance of the sample under study was calculated by using equation 1. 

R sample =  R ref [( 
V supply 

V ref
) − 1]         …………. (1) 

The electrical properties of CuO-ZnO thick films were calculated using eequations 2, 3 and 4 for resistivity, 

TCR and activation energy respectively [12, 13]. 
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Where, ρ = Resistivity of prepared film, R = resistance at normal temperature, b = breadth of film, t = 

thickness of the film, L = length of the film. 
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Where, ∆R = change in resistance, ∆T = temperature difference between T1 and T2 and Ro = Resistance of 

the film sample at room temperature. 

∆𝐸 =
𝑙𝑜𝑔 𝑅

𝑙𝑜𝑔  𝑅𝑜
 × 𝐾𝑇 …………. (4) 

 Where, ΔE = Activation energy, R = Resistance at elevated temperature, R0 = Resistance at room 

temperature.  

 

2.2.2 Thickness measurement: 

The thickness of the films also one of the important parameter of any films sensor. The thickness 

determine the prepared film is thick or thin. Also the electrical and other properties of the films is depends 

upon the thickness of the film. Many thickness measurement techniques are available among them weight 

difference technique is less time consuming and less expensive technique. Hence the thickness of CuO-ZnO 

thick films was calculated by weight difference technique. Eq. 5 is implemented for measurement of CuO-

ZnO thick films [12]. 

 𝑡 =Δ𝑚/𝜌𝐴 …………. (5) 

Where, Δ𝑚 is the difference in mass before and after deposition, ρ = Composite density of materials and A= 

Area of the film. 

 

3.  RESULT AND DISCUSSION: 

3.1 Electrical Properties: 

3.1.1 Resistivity:  

The resultant plot, which is depicted in Figure 4, shows semiconducting behavior of CuO-ZnO thick 

films.  

 
Figure 4: Resistance verses temperature plot of (a) 1 wt. %, (b) 3 wt. %, and (c) 5 wt. %, CuO-ZnO 

thick film 
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The film resistivity in MOS-based sensors is correlated with the densities of electrons and holes as 

well as the velocity of charge carriers. ZnO additives changes the resistivity of CuO material as shown in fig. 

5. Thick films of CuO-ZnO were tested for resistance as a response to temperature. The resistance of the CuO-

ZnO thick films in the electrical characterization system decreases with rising ambient temperature [12, 13]. 

Resistivity also provides information on the charge carriers' mean free route and charge mobility. The 

resistivity verses wt % CuO-ZnO thick film as shown in Fig. 5. 

 

 
Figure 5: Resistivity verses wt % CuO-ZnO thick film 

 

3.1.2 Temperature coefficient of resistance (TCR): 

The TCR of thick films is key parameter in the electrical characterization of thick or thin films. TCR 

for metal is positive whereas for semiconductors [11, 14] TCR is negative as shown in Fig. 6. The TCR verses 

wt % CuO-ZnO thick film as shown in Fig. 6. 

 
Figure 6: TCR verses wt % CuO-ZnO thick film 

 

3.3.3 Activation energy: 

The amount of energy needed for an electron to migrate from the valence to the conduction band is 

known as the activation energy. It significantly alters the electrical properties of the transport band by changing 

the carrier concentration [14, 15]. Figure 7 reveals the Arrhenius plot of log Rc vs. 1/T of CuO-ZnO thick 

films. The activation energy at higher temperature and at lower temperature region are tabulated in table 1. 
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Figure 7: Arrhenius plot of log Rc vs. 1/T of (a) 1 wt. %, (b) 3 wt. %, and (c) 5 wt. %, CuO-ZnO 

thick film 

The thickness of CuO-ZnO thick films was found to be 35, 39 and 42 µm for 1 wt. %, 3 wt. %, and 5 

wt. % respectively. It is observed that the thickness of all films were found in micro range and as wt. % ZnO 

additive increased Thickness of film also decreased. The Fig. 8 illustrate thickness verses wt % CuO-ZnO 

thick film. 

 
Figure 8: Thickness verses wt % CuO-ZnO thick film 

 All investigated electrical outcomes of CuO-ZnO thick films are tabulated in Table 1. 

 

Table-1: Electrical outcomes of CuO-ZnO thick films. 

Thick film 

(ZnO 

additive) 

Thickness 

(µm) 

Resistivity 

(Ω-m) 

TCR 

(/°C) 

Activation Energy (eV) 

HTR LTR 

1 wt.% 35 3499825 -0.00142 0.083979 0.137553 

3 wt.% 39 4178376 -0.00032 0.403342 0.117202 

5 wt.% 42 5249790 -0.00016 0.166557 0.063845 

 

Conclusions: 

1. The CuO-ZnO thick films were successfully prepared by using screen-printing technique.  

2. Temperature coefficient of resistance is found to be negative to all wt. % films. 

3. The wt. % ZnO additive increased the thickness, resistivity and TCR of the films are also increased. 

4. The impact of wt. % ZnO additive on the electrical properties of CuO was investigated. 
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