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Copper telluride thin films for gas sensing applications

S. H. Salman, N. A. Hassan, G. S. Ahmed”
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Copper Telluride Thin films of thickness 700nm and 900nm, prepared thin films using
thermal evaporation on cleaned Si substrates kept at 300K under the vacuum about (4x107
) mbar. The XRD analysis and (AFM) measurements use to study structure properties. The
sensitivity (S) of the fabricated sensors to NO, and H, was measured at room temperature.
The experimental relationship between S and thickness of the sensitive film was
investigated, and higher S values were recorded for thicker sensors. Results showed that
the best sensitivity was attributed to the Cu2Te film of 900 nm thickness at the H, gas.
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1. Introduction

In the last year, gas sensors have been continuously developing as a result of the increase
in industrialization. The basis for the work of sensors the semiconductor resistance change [1].
That results from gas absorption as a result of the interaction of the surface of the semiconductor
with the gas applied to it, which is related to the type of semiconductor and its crystal structure [2],
where the CuTe is very important in the study of sensing applications. Thin films made of copper
telluride have had wide applications in vast fields of science and technology [3,4]. Depending on
the value of x the membranes (Cu,Te) have different crystal structures [5, 6]. CuTe thin films have
the direct optical band gap of is around 1.5eV at room temperature [7].

Prepare CuTe thin films by different methods. such as chemical bath deposition [8],
electrodeposition method [9], electron beam evaporation [10], co-evaporation [11], thermal
evaporation [12].

K. Neyvasagam et al. [12] Studied the using thermal evaporation, thin films (CuTe) with a
thickness of 700 and 900 nm were prepared on glass substrates.

The present work is the study of the Thin films (CuTe) of thickness from 700 nm and 900
nm on Si(111) substrates, and use the thin films as gas sensor applications.

2. Experimental method

The CuTe compound prepared from mixture materials copper (99.99% pure) and Te
(99.99% pure) into sealed in an evacuated quartz tube under vacuum about (5x102 mbar) and, then
the quartz ampoule is heated to 900 °C for 1 h in the furnace and then following a quenching by
ice water. The ampoule is then broken to get the substance, silicon substrate, then in an ultrasonic
cleaner, the parts were cleaned with detergent and ethanol, then washed with deionized water
before being etched in a 10% HF solution. The CuTe was placed in the molybdenum boat to be
vaporized under a vacuum of about 4x10-5 mbar, kept at room temperature. The thickness of
Cupric Telluride thin films was determined by using the weighting method and found to be about
(700+20) nm and (900+20) nm , with a deposit rate of about (2.5+0.2) nm / sec. The (XRD)
examinations were performed on (SHIMADZU Japan -XRD600) automatic Diffractometer.
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AFM micrographs were taken, type (SPM-AA 3000 contact made spectrometer,
Angstrom, USA). To calculate the grain size and morphology of the examined membranes. The
gas sensor of CuTe thin films was measured, after putting the sample in the in the chamber which
is manufactured locally in a cubic shape. All the measurements of the gas sensor were performed
at the temperature of the room.

3. Result and discussion

3.1. X ray diffraction (XRD)

Figure 1 depicted the patterns of the XRD for CuTe thin films, which indicates that the as-
prepared films have the structure of the polycrystalline and orthorhombic CuTe. However, the
intensity of peaks was increased by increasing the thickness of the CuTe thin films.
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Fig. 1. XRD pattern thin films of thickness 700nm.
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Fig. 2. XRD pattern thin films of thickness 900nm.

The XRD peaks at 20 =26 was considered in order to get the parameters of structure, such
as the size of the crystalline C.s, average lattice strain ¢, the density of dislocation 6 and the
crystallites number per area which can be evaluated from the relations below [13-15] and listed in
the Table 1.
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N = (4)

DE

where A is (0.154061 nm), B: is the half maximum at full width in rad, 6: Angle of Bragg, and t:
film thickness.

Table 1. The results of XRD for thin films.

Parameters | Thickness(nm) Standard
700 nm 900 nm Values

20 26.3024 | 26.0918 | 26.6675

d nm 0.33856 | 0.34126 | 0.33400

€ 0.000723 | 0.000744 | .............

Cs nm | 50.038 |48.67414 | ............
5§ nm™ | 0.00039 |0.000422 | ...........
N, nm™ | 0.00718 | 0.007805 | ..........

Table 1 showed the (d and 2 8) agreement with standard. The parameters € , § and N,
increases with (t), while the C.s decrease with (t) of the thin film which is found to be (50 and 48)
nm for thickness 700 and 900 nm.

3.2. Morphology results

Figure 3 and 4 shows the shows the AFM pictures of CuTe thin film at thickness 700 nm
and thin film of thickness 900 nm, which is the average diameter of thin film, is approximately 126
nm and surface roughness was estimated around 8.4 nm for (700 nm) and is approximately 90.07
nm and surface roughness was estimated around 5.59 nm for (900 nm).
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Fig. 4. AFM image of CuTe thin film of thickness 900nm.
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Table 3. Shows the results of the AFM for the thin films.

Thickness | Roughness | RMS | Average diameter(nm)
700nm(16) | 8.41 9.71 | 126.5
900nm(1) | 5.59 6.45 | 90.07

3.3. The sensitivity results
The sensors sensitivity can be determined as [17,18].

s:(%) x 100% (5)

where:
R, : resistance under air
R, resistance under gas.
The gas sensor spectra of CuTe thin films of thickness 700 nm and 900 nm recorded at the
room temperature are shown in Figs. (5) and (6).

3.4. Influence of thickness of thin films on Gas sensitivity

Figures (5) and (6) exhibited high gas sensitivity for a thin film at thickness (900 nm) for
two gases (NO,) and (H,). These results were interpreted in terms of a decrease in grain size with
increased thickness, and increase grain boundaries, as well as an increase in the active surface area
due to nanostructure for thin films leading to an increase in sensitivity of thin films.

However, it is clear that the films of this thickness range are unable to provide higher S
values, and other procedures of S enhancement should be investigated.
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Fig. 5. Shows the gas sensor spectra of CuTe thin films for gas (H,).
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Fig. 6. Shows the gas sensor spectra of CuTe thin films for gas (NO,).
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3.5. Influence of type of Gas on sensitivity

Figure 7 shows thin film at thickness (900) nm have higher sensitivity for gas (H) than
(NO,) due to the nature of the gases, where (NO,) An oxidizing gas and (H,) a reducing gas.

Results showed that the best sensitivity was attributed to the CuTe film of (900 nm)
thickness at the H, gas.
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Fig. 7. Shows the sensitivity spectra of CuTe thin films for (NO,)and (H,) gases.

4. Conclusion

The structure of the thin films is of a polycrystalline type and the distribution of the
particles is uniform, and this is indicated by the structural (XRD) and the surface (AFM)
measurement. The average grain size was estimated around 50nm from XRD measurement.
Further, it is observed that there is an increase in the intensity of the peak of CuTe film of
thickness 900 nm. high gas sensitivity for a thin film at thickness (900 nm) for two gases (NO2)
and (H2). The best sensitivity was attributed to the CuTe film of 900 nm thickness at the H, gas.
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