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Development of Spray Coating Methods for Large Area Sol-Gel ZnO/Ag Nanowire
Composite Transparent Conducting Substrates
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Abdtract: Transparent conductive thin films (TCFs) are essentiadl materials for solar cells, organic light-emitting diodes,
and display panels. Indium tin oxide (ITO) is one of the most widely used commercial materials to create TCFs';
however, new materials that can possibly replace ITO at a lower cost and/or those possessing mechanical flexibility are
urgently needed. Silver nanowire (AgNW) is one of those promising materials, as it is less expensive and possesses
superior mechanical flexibility as compared to 1TO. We used AgNW and sol-gel ZnO to fabricate composite thin films
by spray coating. We propose two spray-coating methods: the ‘metal - organic chemical vapor deposition (MOCVD)/AgNW’
method and the Mixture method. These two methods are expected to be commercialized for high-quality and low-cost

products, respectively.
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Fig. 1. (@) Synthesis methods of sol-gel ZnO solution and (b)
silver nanowires.
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Fig. 2. Schematic diagram of spray coating process used in
this work.
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Fig. 3. TEM image of the composite thin films fabricated by
sequential spray coating.
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Fig. 4. Schematic diagram of MOCVD/AgNW method (a) and
Mixture method (b).

Table 1. Deposition condition of MOCVD ZnO and Ag nanowires
in this study.

Silver nanowires spray coating condition

Spraying Distance Annealing Spraylng
pressure temperature time
3 bar 30 cm 150C 30s
MOCVD ZnO deposition condition
Chamber H.O/DEZ Annealing Deposition
pressure ratio temperature time
3.4 torr 41 150C 10/15 min
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Table 2. Sheet resistance and average optica transmittance in the
visible region of the films fabricated by MOCVD/AgNW method.

Dep. time [min] 10 15
Transmittance [%] (@ 380~700 nm) 87.58 75.44
Sheet resistance [Q/sq] 13.45 12.72

Transmittance [%4
8 8 8 88 3 8 8 B

40 600 0 1000 120
Wavelength [nm

Fig. 5. Optical transmittance spectra of the films fabricated

by MOCVD/AgNW method.
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Fig. 6. Snapshot and 9 points sheet resistance of the film
fabricated by MOCVD/AgNW method.
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Fig. 7. Optica transmittance spectra of the films fabricated by

Mixture method.

Table 3. Sheet resistance and average optical transmittance in the
visible region of the films fabricated by Mixture method.

Mixture method
Sample number #1 #2

Transmittance [%] (@ 380~700 nm) 80.53 77.10
Sheet resistance [()/sq] 11.34 7.19
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Fig. 8. Snapshot and 9 points sheet resistance of the film
fabricated by Mixture method.
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Fig. 9. Tota transmittance spectra of the thin films fabricated
by MOCVD/AgNW, Mixture, ITO, and FTO.

Table 4. Sheet resistance and average optica transmittance in the
visible region of the films fabricated by MOCVD/AgNW and
Mixture methods and ITO, FTO.

ITO FTO CVD/Ag Mixture

Transmittance [%] (@ 380~700 nm) 90.94 86.83 87.58 80.53

Sheet resistance [()/sq] 83 84 1345 1134
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