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Abstract Solution-based Sb-doped SnO, (ATO) transparent conductive oxides using a low-temperature process were
fabricated by an electrospray technique followed by spin coating. We demonstrated their structural, chemical, morphological,
electrical, and optical properties by means of X-ray diffraction, X-ray photoelectron spectroscopy, field-emission scanning
electron microscopy, atomic force microscopy, Hall effect measurement system, and UV-Vis spectrophotometry. In order to
investigate optimum electrical and optical properties at low-temperature annealing, we systemically coated two layer, four layer,
and six layers of ATO sol-solution using spin-coating on the electrosprayed ATO thin films. The resistivity and optical
transmittance of the ATO thin films decreased as the thickness of ATO sol-layer increased. Then, the ATO thin films with two
sol-layers exhibited superb figure of merit compared to the other samples. The performance improvement in a low temperature
process (300 °C) can be explained by the effect of enhanced carrier concentration due to the improved densification of the ATO
thin films causing the optimum sol-layer coating. Therefore, the solution-based ATO thin films prepared at 300 °C exhibited
the superb electrical (~7.25 x 10 Q-cm) and optical transmittance (~83.1 %) performances.
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Fig. 1. A schematic illustration for fabrication of solution-based
ATO thin films using low temperature process.
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Fig. 2. XRD plots obtained from samples A, B, C, and D.
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Fig. 3. XPS core-level spectra of Sn 3d (a) and Sb 3d (b) photoelectrons obtained from sample B.

Fig. 4. Top-view ((a)-(d)) and cross-view FESEM images ((e)-(h)) of samples A, B, C, and D.
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Fig. 5. Electrical properties for carrier concentration, Hall mobility, and resistivity (a), optical transmittances (b), and figure of merits (c)

obtained from sample A, B, C, and D.
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Table 1. List of electrical properties for solution-based ATO thin
films obtained from various synthetic methods.

Synthetic Resistivity Annealing

methods (Q-cm) temperature (°C) References
Sol-ge’l dip 15 x 10 550 o
coating
'Sol-ge¥ 37 %1073 550 (0]
spin-coating
Spray. ~15x107 550 (1]
pyrolysis
Inkjet-printing ~ ~61 x 1073 700 [12]
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Table 2. Summary of electrical and optical properties for sample A, sample B, sample C, and sample D.

Samples Sample A Sample B Sample C Sample D
Carrier concentration (cm™) 2.15% 10" 4.09 x 10% 591 x 107 7.37 x 10%

Hall mobility (cm*(V-s)) 3.39 2.10 1.81 1.56
Resistivity (Q-cm) 8.53x 107 725x 107 5.81x10° 542x107°
Transmittance (%) 87.8 83.1 75.5 68.9

ot ATt AF7EA gA7)8 ATO ¥t Al %= dip ATO sol-solutiong E93ke] ATO & 23 739 vb
coating, spin-coating, spray pyrolysis, inkjet-printings =~ =] UYAE WSS ATl ATORNHE] A= 9
o] Az PO R o]FoR|AL T} Table 1914 Aw3g Aol S7lele AHAE HAFU ol Ao 3
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sMe 29 A L=t a7Enh 2y 2 o
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F= Fig. 5ol YER ATk

FOM = T'/R,

o714 Ra= ATO BFEre] W A go]il, T+ 550 nm
oA ] T Aot A4 FOME sample A
o] A% 63x10°Q7", sample BS] 7% 73.7x10°Q",
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