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Abstract Sb-doped SnO, (ATO) transparent conducting films are fabricated using horizontal ultrasonic spray pyrolysis
deposition (HUSPD) to form uniform and compact film structures with homogeneously supplied precursor solution. To
optimize the molar concentration and transparent conducting performance of the ATO films using HUSPD, we use
precursor solutions of 0.15, 0.20, 0.25, and 0.30 M. As the molar concentration increases, the resultant ATO films exhibit
more compact surface structures because of the larger crystallite sizes and higher ATO crystallinity because of the greater
thickness from the accelerated growth of ATO. Thus, the ATO films prepared at 0.25 M have the best transparent
conducting performance (12.60+0.21 O/ ] sheet resistance and 80.83% optical transmittance) and the highest figure-of-merit
value (9.440.17 x 10 1), The improvement in transparent conducting performance is attributed to the enhanced carrier
concentration by the improved ATO crystallinity and Hall mobility with the compact surface structure and preferred (211)
orientation, ascribed to the accelerated growth of ATO at the optimized molar concentration. Therefore, ATO films
fabricated using HUSPD are transparent conducting film candidates for optoelectronic devices.
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Fig. 1. Schematic diagram of horizontal ultrasonic spray
pyrolysis deposition.
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Fig. 2. XRD patterns obtained from ATO-0.15M, ATO-
0.20M, ATO-0.25M, and ATO-0.30M, respectively.
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Fig. 3. XPS data of (a-d) Sn 34 and (e-h) O 1s of all ATO
samples.
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Table 1. Atomic ratio obtained from XPS data from all
samples.

ATO-0.15M ATO-0.20M ATO-0.25M ATO-0.30M

O 66.61 64.96 65.90 66.89
Sn 32.15 33.73 32.83 31.89
Sb 1.23 1.29 1.27 1.21
Sb/Sn 3.83 3.83 3.86 3.80
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Fig. 5. AFM images of ATO-0.15M, ATO-0.20M, ATO-
0.25M, and ATO-0.30M, respectively.
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Fig. 4. (a-d) Top-view and (e-h) cross-sectional FESEM images of all ATO samples.
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Fig. 6. (a) Electrical properties including the carrier concentra-
tion, Hall mobility, and resistivity, (b) optical transmission
spectra, and (c) figure of merit obtained from all samples.
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Table 2. Summary of electrical and optical properties obtained from all samples.

ATO-0.15M ATO-0.20M ATO-0.25M ATO-0.30M
Carrier concentration (cm?) 5.08 x 10%° 6.63 x 10%° 8.17 x 10%° 6.47 x 10%°
Hall mobility (cm(V s)) 9.39 10.33 11.02 10.35
Resistivity (2 cm) 9.92 x 10™ 7.51 x 10 6.46 x 107 7.37 x 10
Sheet resistance (/1) 23.74+0.40 16.55+0.30 12.60+0.21 16.95+0.30
Transmittance (%) 84.19 82.61 80.83 82.38
Figure of merit (103 ol 7.53+£0.13 8.94+0.16 9.44+0.17 8.49+0.15
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