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Temperature sensor of p-CuO/n-SnO2 heterojunction was successfully fabricated and 

investigated. SnO2 nanostructure was firstly synthesized via chemical vapor deposition. 

Followed by a top layer of CuO nanoparticles was deposited on SnO2 by drop cast method. 

The SnO2 film was analyzed via x-ray diffraction (XRD) and scanning electron 

microscope (SEM). The XRD confirms the formation of the SnO2 nanstructure .The SEM 

reveals the SnO2 nanoparticles agglomerated together forming a cauliflowers-like 

nanostructure with a calculated particle size of 17nm.  The temperature response 

corresponding to the relative variation of sensor resistance (ΔR) to a given temperature 

was measured.  It was found that the present sensor has a high sensitivity of 0.56%/°C. 

Temperature sensor p-CuO/n-SnO2 heterojunction was found to be quite promising 

material in the temperature range of 25-200⁰ C.   
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1. Introduction                                                              

 

Metal oxides, SnO2 is an important n-type wide-energy-gap semiconductor (Eg = 3.64 eV, 

330 K) ,which has a wide range of applications such as in solid-state gas sensors [1], transparent 

conducting electrodes [2], rechargeable Li batteries [3], and optical electronic devices [4].Many 

processes have been developed to the synthesized SnO2 nanostructures, such as spray pyrolysis [5] 

, hydrothermal methods [6-8]. Also,evaporating tin grains in air [9]. SnO2 has been widely used to 

detect combustible and toxic gases. Tin oxide nanowires (SnO2 NWs) grown on quartz and silicon 

substrates via a chemical vapor deposition (CVD) and fabricated as an ethanol gas sensor was 

recently reported [10].   Thermal evaporation of oxide powders [11], rapid oxidation tin metal 

[12], sol–gel method [13], etc. Highly crystalline SnO2 nanowires has been also synthesized and 

functionalized with copper particles using a CVD technique [14]. Controlled oxidation of Cu to 

CuO led to the formation of CuO/SnO2 p–n heterojunctions, which were found to be highly 

sensitive and selective towards the detection of H2S gas.  There are many uses of tin oxide as 

mainly as a gas sensor as mentioned previously by Khalef Wafaa Khalid et.al [15]. It can also 

fabricate as temperature sensor, other metal oxides also fabricated as a temperature sensor such as 

[16]. In the present work, we were focused on the CuO/SnO2 As A temperature sensor in at an 

attempted range of 20-200c. 

 

                        

2. Experimental procedure      
 

The quartz substrates were firstly cleaned by sonication in deionized water for 15 minutes. 

Then they were immersed in a beaker containing isopropyl alcohol in an ultrasonic cleaner for 

about 15min. Finally, quartz substrates were flushed by a jet of nitrogen gas, then they were dried 

in the oven for 30 minutes. The CuO/SnO2 was grown in two steps: 

1
st
 step: SnO2 nanostructure was synthesized via chemical vapor deposition (CVD) 

technique. Sn powder of 1g was loaded into small ceramic boat with quartz substrate positioned at 

1cm from the powder. This ceramic boat was inserted in a middle of quartz tube of two opened 
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ends. Argon and oxygen gases were introduced from the left side and water bubble was fixed at 

the outlet end. Firstly, Argon was introduced with a flow of 100sccm for 15 minutes to clean the 

quartz tube and then the temperature was raised with rate of 25⁰ C/minute up to 900⁰ C, then 

oxygen gas was introduced with a flow of 5sccm for 1h.    

2
nd

 step: copper oxide (CuO) was deposited using drop cast method on the SnO2 

nanostracture film growth via chemical vapor deposition (CVD).  Copper oxide nanoparticles 

(NPs) was prepared by dissolving 30 mM (0.054 g) of copper acetate (Cu2 (CH3COO) 4) in 10 ml 

of deionized water (DI). The solution was sonicated for 15 minutes to insure the dissolving of 

copper acetate in the water.  Afterwards, a micro-pipette was used to drop the solution of 30 µL on 

the surface of the pre-synthesized SnO2 on quartz substrates. The coated material was 

subsequently dried onto a hot plate at 150 ̊C for 5 minutes. These coating steps were repeated four 

times to insure the formation of CuO NPs on the SnO2 film. The final product should be 

CuO/SnO2 films prepared on quartz substrates.   

 

 
3. Result and discussion  

 

3.1. XRD analysis 

XRD pattern was analyzed using X-ray diffractometer (Shimadzue 6000 / Japan) with 

CuKα (λ= 0.15406 nm) radiation. Fig. 1 shows the XRD pattern of SnO2 synthesized by CVD. 

This pattern shows a polycrystalline structure with three strongest peaks at 2Ө=26.9821⁰ , 

34.2641⁰ , and 52.1476⁰ . These peaks belongs to the (110), (101), and (211), respectively. There 

are other small peaks belongs to the same structure. The analysis indicates that the synthesized 

material is pure and less crystalline. Due to the XRD analysis, it was found that the results were 

comparable to the SnO2 standard data of JPDFS # 41-1445. 

The average crystallite size value of SnO2 nanoparticles was calculated using Debye-

Scherrer's formula as below [17]:  

   

 
                                      D=0.9λ / βcosӨ                                                                              (1) 

 

where D,  λ,  β,  and Ө are the crystallite size, x-ray wavelength, full  width at half maximum 

(FWHM) ,  and Bragg's angle, respectively. So, the calculated value of the SnO2 crystallite size is 

17nm±0.8. This value is small and confirm the nanostructure formation. The lattice parameters a, 

and c for SnO2 was calculated using the following equation [18] 

 
                                                        (2) 1/d

2
={(h

2
+k

2
)/a

2
}+l

2
/c

2
             

                                                                     

The standard values of a and c for SnO2 were a=4.737Å and c= 3.185Å. Where the 

calculated values of the present structure are a= 4.670Å, and c=3.156Å. It was also compared with 

the data of other workers [19-20]. These data are presented in Table 1. 
 

Table 1. Lattice parameters calculated data for SnO2NPs. 

 

References 

 

Standard 

(JPDFS # 41-

1445) 

Present 

work 

Lattice 

parameters 

[20] [19] 

4.765 4.687 4.737 4.670 a (Å) 

3.1843 3.161 3.185 3.156 c (Å) 
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Fig. 1. XRD pattern of SnO2 on quartz substrate. 

 

 

3.2. SEM analysis 

The morphology of SnO2 nanostructure on quartz substrate was analyzed by using 

scanning electron microscope (SEM / FEI Inspect S50 /Netherland).  Figure 2 shows SEM 

images at various magnifications. These images reveal the SnO2 nanoparticles 

agglomerated together forming a cauliflowers-like nanostructures. It covers a large area on 

the quartz substrate as shown in Fig. 2a. The average size of SnO2 nanoparticles was 

calculated previously from the XRD data. Small particle size within 17nm was found.  

                                                                                                     

    

 
 

Fig. 2 SEM images at various magnifications (a) 50, (b) 20, (c) 10, and 

d) 5µ m for SnO2 NP's (cauliflower-like nanostructure) on quartz substrates. 

SEM and EDS of CuO/SnO2/ quartz 

 



208 

 

Figure 3 shows a typical SEM image of CuO/SnO2 nanostructures at various 

magnifications. The elemental spectrum of of CuO/SnO2 structures shown in Fig.3 is 

explained in the Energy Dispersive Spectroscopy as shown in Fig.4 with the 

corresponding elemental data. The EDS spectrum is clearly shows the Sn, Cu, and O 

elements.       
 

 

   
 

Fig. 3 SEM of CuO/SnO2/ quartz. 

 

 

 
 

Fig. 4. EDS of CuO/SnO2/ quartz with corresponding elemental analysis. 
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3.3. Temperature Sensor Fabrication 

The temperature sensor was fabricated based on p-CuO/ n-SnO2 materials on quartz 

substrates. Fig. 3 demonstrate the sensor device. The two arrows represent the probes used 

for the electrical and thermal measurements. I-V characteristics of p-CuO/n-SnO2 in the 

dark was firstly measured as shown in Fig.4. The observed curve indicates a rectification 

phenonmenon. This is reflected the contacts of n and p type of semiconductor materials.    

                                                                      

 

 
 

Fig. 5. Fabrication of the temperature sensor device of CuO/ SnO2/quartz.   

 

         

 ا
 

Fig. 6. I-V characteristic of CuO /SnO2/Qz in the dark. 

 

 

3.4. Thermal measurements of CuO /SnO2 

The resistance of the sensing device was measured as a function of temperature in the 

range of 25-200ºC. This measurement is plotted as shown in Fig.7. The data were fitted to 

an exponential curve with the fitting formula of: 

                                                                                    
 (3)            y=0.0431e

. –(0.008x)
 

 

Regarding to the fitting formula represented in equation (3), it was compared with the 

exponential formula of the resistance [21]. 

                     

    Rt =R₀ e 
-(α ΔT)  

                                          (4)                       

 

where R₀, Rt, α,  ∆  T   are the resistance at 0⁰C, resistance at a certain  temperature, thermal 

coefficient, and temperature difference, respectively. So, the obtained value of R₀ is 0.0431MΩ 

V (volt) 

n
A

)
)I
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and α=-0.008/⁰C. The minus sign means that the resistance is exponentially decreasing when the 

temperature increased.  Figure 6 shows a linear relation between lnR/lnRₒ versus the temperature. 

The slope of the linear fitting relation represents the temperature coefficient =0.0083/ºC.  

   

 
 

Fig. 7. Resistance versus temperature of CuO /SnO2/Qz at air. 

 

 

 
 

Fig. 8. Ln R/R₀  versus temperature of CuO /SnO2/Qz. 

 

 

3.5. Temperature Sensitivity  
The temperature sensitivity is an essential factor to evaluate the sensor performance, 

which is based on temperature variation. Firstly the sensor's response and its sensitivity are 

investigated. The resistance of the sample exponentially decreased with increasing temperatures 

over the range as previously shown in Fig. 5. The temperature response can be given in terms of 

relative variation (ΔR) of the sensor resistance to a given temperature, [22]:  

 
∆R=[R₀ –Rt /R₀]/ x 100%                                                            (5) 

 

where R₀ and  Rt  are the initial resistance and the resistance of the sensor at different temperature, 

respectively.  

The variation of ΔR versus temperature was plotted in the range from 25-200⁰C is shown 

in Fig. 7. The sensitivity of this device is determined from the slope of ΔR. The highest sensitivity 

(S= ∆R /R₀ ∆T) value of 0.56%/1⁰C was calculated from Fig. 7. The average value of the 

resistance change per 1 ⁰C in the temperature range of 25-200⁰C was equal to150Ω/⁰C. 
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Fig. 9. Variations of ΔR versus temperature of CuO /SnO2. 

 

 

Table 2. Temperature sensor measurements of CuO/SnO2 film. 

 

R₀ (kΩ) ∆R= [(R₀ -R) /R₀] /% R (kΩ ) R (MΩ ) T(⁰C) 

 

 

 

43.1 

 

18.8 35.0 0.035 25 

32.7 29.0 0.029 50 

46.6 23.0 0.023 75 

54.8 19.5 0.0195 100 

67.5 14.0 0.014 125 

72.2 12.0 0.012 150 

74.5 11.0 0.011 175 

81.4 8.00 0.008 200 

 
 

5. Conclusion 

 

The hetrojunction metal oxides of p- CuO/n-SnO2 were synthesized via CVD and drop 

cast methods. The structure and morphology of the films were investigated by SEM and XRD. The 

electrical and thermal properties were measured and confirmed a semiconductor properties.  

These films was successfully fabricated as a promising temperature sensor based on 

CuO/SnO2 and exhibit a maximum sensitivity in the temperature range of 20-200⁰ C.  
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