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ABSTRACT: Tin (Sn) films with a thickness of (400+20) nm were prepared by the thermal evaporation method, and the samples
were then oxidized at 300 and 400 °C. X-ray diffraction was used to study the crystal structure and phase of the film before and
after oxidation. The surface morphology was examined by AFM, and the optical properties were analyzed by spectroscopy in the
wavelength range of 300-1100 nm. It was observed that the maximum transmittance was less than 70%, and the energy gap
increased with increasing oxidation temperature. The film oxidized at 400 °C was tested for H2S gas sensing when the film was
exposed to different temperatures and a fixed concentration (20ppm). It was found that the sensitivity increased with increasing
temperature, with the highest sensitivity being 0.806, the response time being 22.5 seconds, and the recovery time being 49.5
seconds at 200 °C.

Keywords: SnO; films: sensing properties; H2S gas.
INTRODUCTION

Known transparent semiconductor oxides exhibit both n-type and p-type conductivity. P-type transparent
semiconductor oxides are few in number and perform less well than their n-type counterparts. In most p-type oxide
semiconductors, the valence band arises from highly oriented oxygen p orbitals, which severely restrict carrier
transport in a slightly disordered structure [1]. However, in SnO, contributions from Sn 5s states near the top of the
valence band significantly facilitate gap mobility and are therefore considered a suitable candidate for the development
of oxide-based active electronic devices [2]. Tin oxide (SnO) is a p-type material with an optical energy gap of
approximately 2.7-2.9 eV and carrier mobility of approximately 7 cm?/V/s, so it is used in many applications including
gas sensing, p-n diodes, transistors, and solar cells [3-4]. Given the effects of H>S gas on humans, it must be detected
and special sensors developed. This highly toxic gas has a foul odor similar to that of rotten eggs. It is produced by
combustion processes, vehicle emissions, volcanic eruptions, and other processes. Submerged areas and salt mines
are also major sources of H»S gas [5,6]. SnOx films can be fabricated using various techniques, and both pure and
doped films are used to sense gases such as nitrogen dioxide [7], carbon monoxide [8-9], ethanol [10], methane [11],
hydrogen sulfide [5], ammonia [12-13]. In this paper, the possibility of obtaining tin oxide thin film phases using
thermal evaporation and simple oxidation methods was investigated, and the physical properties of the deposited
samples were examined. Finally, we fabricated a hydrogen sulfide gas sensor at a constant concentration and different
operating temperatures.

EXPREMENTAL

Sn thin films were prepared by thermal evaporation technique. Sn metal were kept in the Mo boat. The vacuum
chamber was evacuated with a two stage rotary pump followed by diffusion pump to a base vacuum of 3 x 10 Torr.
Tin metal was evaporated on glass substrates (2*2 c¢cm) supplied by Carborundum Universal Ltd., Hosur, India) by
resistive heating of Mo boat. Substrates were kept at a temperature of 400 ° C during the deposition process. The
deposition rate was kept in the range of 10~ !> A s\, Final thickness of the thin films was 400nm. These thin film
samples were oxidation at temperatures in the range of (300 — 400) ° C under oxygen flowing for 1 hours. Tin thin
films were deposited by thermal evaporation technique. Tin metal was evaporated onto German-made glass substrates
(2 x 2 ¢cm), in a vacuum of (2 x 10) mbar by resistively heating a molybdenum boat with a voltage of 60 V. The
substrates were kept at a temperature of 450 °C during the deposition process. The deposition time was approximately
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11 minutes and the final thickness of the thin films reached 400F20 nm, as determined by the molecular weight and
optical method, The second step was to oxidize the samples in an oven at temperatures of (300-400) °C in the presence
of oxygen for an hour and then leave the samples to cool. Crystal structure are studied by (XRD) and AFM. Optical
characteristics are studied within range 300-1100 nm and band gap are calculated. To fabricate the gas sensor,
aluminum electrodes were deposited by thermal evaporation in a comb pattern on the sample surface with various
dimensions

RESULTS AND DISCUSSION

Structural Characterization

Figure (1) shows the X-ray diffraction (XRD) patterns of the as-deposited (Sn) thin films and the thin films after
oxidation at a temperature of (300- 400) °C. Figure (1 ) shows that the diffraction pattern of the films oxidized at 300
°C contains four peaks for the (SnO,) phase, three peaks for the (Sn304) phase, and two peaks for the (SnO) phase.
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FIGURE 1a,b,c. XRD pattern of (Sn)and SnOx thin films

TABLE 1. Information obtained from XRD examination.

Temp. Card No. phase 20Oabs. 20 dabs (deg)  dA stand hkl
exidation (°C) A stand.
Sn 00-002- Sn-T 30.647 30.644 2.9147 2915 200
0709 43.902 43.871 2.0606 2.062 220
44.928 44.902 2.0159 2.017 211
300 98-018- SnO-O  30.847 30.909 2.8962 2.891 121
1280 SnO-O  37.31 37.16 2.408 2.417 131
00-020- Sn;04-A  18.527 18.315 4.785 4.840 100
1293
400 98-018- SnO-O  37.284 37.160 2.4097 2.417 131
1280
00-020- Sn;04-A  18.494 18.315 4.793 4.79 100
1293
98-018- Sn0,-O  44.059 44314 2.053 2.042 221
1280
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The diffraction pattern of the films oxidized at 400 °C contains four peaks for the (SnO>) phase and one peak for
the (SnO and Sn304) phase. This indicates increased crystallinity and dominance of the (SnO.) phase. This is consistent
with the optical properties, as the energy gap became (3.1eV) due to the (SnO>) phase. The JCPDS card numbers and
(hkl) values are shown in Table 1. The crystallite size of thin films is calculated from equation (1).[14-17]

G <1>
The dislocation density 6 , microstrain € and N, were calculated through the following relationships: [18-23]
= )
e=£02 )
© :c;'\3 @)

It is also observed from table 2 the crystal size decreases 32.9 to 24.6nm with increase oxidation temp. from 300 ° C

to 400 ° C.
TABLE 2. hkl, 26, phase , Cs, &, € and No
Temp. (°C)  HKkl 20.ms.  phase  Prawmdeg C.snm 3 (line/m?*10®  £*107 No
300 121 30.847 SnOs 0.2623 32.818 0.9284 1.102 0.0113
400 131 37.285 SnO, 0.3564 24.691 1.6402 1.465 0.0265

Surface Morphology
The AFM images showed that the surface of the SnO thin film was topographically formed from hills and valleys
that are distributed uniformly over the entire film surface.

FIGURE 2. The AFM image for SnOx films
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TABLE 3. AFM parameters

Oxidation temp.(°C) Mean diameter(nm) Roughness(nm) Root-mean-square (nm)
300 59.74 3.178 5.865
400 30.78 6.313 8.836

The Optical Properties

The transmission of tin oxide thin films are shown in Fig. 3 change the wavelength in the region of 300 nm —
1100 nm. The average transmission of the SnO, films was less than 70% over 400nm.
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FIGURE 3. Transmission of the SnO; thin films.

From the relationship number (5) the absorption coefficient was calculated. [15].
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FIGURE 4. Absorption coefficient (a ) vs (hv)
The band gap energy (Eg) is determined using the equation [15, 24]:

a(hv) = A (hv — Eg)" (6)
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Figure 5 represents a plot of (ahv)? versus photon energy for the thin films. The band gap energy was found to be
2.8 eV for the oxide sample at 300 °C and 3.1 eV for the oxide sample at 400 °C, with the band gap increasing due
to structural defects and oxygen vacancies.
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FIGURE 5. Energy gap of SnOx thin film at different oxidation temp.

TABLE 4. Shows Absorption coefficient and Eg

Temp. Oxidation (°C) a(ecm=")*10* Eg (eV)
300 3.437228 2.8
400 2.45451 3.1
The Sensitivity Results
S=F97R% . 100% 0
Ra

The equation (7) [14] was used to calculate gas sensitivity, where Ra represents the background resistance of the
membrane in the absence of the gas, and R, represents the final resistance of the membrane in the presence of the gas.
Figure 6 shows the change in resistance over time for a sample oxidized at 400°C. It was found that as the temperature
applied during the membrane's exposure to the gas increased, the gas sensitivity increased [25-27].

Also, nickel oxide films prepared by the thermal evaporation method show a response to hydrogen sulfide gas at
a concentration of 20ppm at an oxidation temperature of 700°C [28].
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FIGURE 6 a, b, c. The resistance changes with the time of SnO: films.
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FIGURE 7. The response and recovery times drop exponentially with operation temperature.
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FIGURE 8. Sensitivity changes with operation temp.

TABLE 5. S%, response and recovery time for thin films at (R.T,100,200) °C for gas (H2S).

Operating Temp. (°C) Sensitivity ( S%) response time (sec) Recover time (sec)
35 0.2583 27 45

100 0.4267 28.8 35.1

200 0.8064 22.5 49.5

Table 5 shows that sensitivity improves with increasing operating temperature, with the highest sensitivity and

lowest response time at 200°C (0.806 for 20 ppm gas). The response and recovery times were 22.5 seconds and 49.5
seconds, respectively.

CONCLUSION

SnOx films were prepared by thermal evaporation technique. X-ray diffraction (XRD) and atomic force
microscopy (AFM) studies revealed crystallite size (32.8-24.68) nm and Mean diameter (59.7-30.7) nm. The band gap
was (2.6-3.2) eV through optical measurement of the films oxidized at 300 and 400 °C. SnO; thin-film sensors
demonstrated the highest sensitivity and lowest response time at 200°C to H»S gas.
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