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Abstract: Herein we studied the electrical and optical properties of indium tin oxide ITO/Ag/ITO multilayer thin films

for application in transparent conducting electrodes. The ITO and Ag thin films were deposited onto soda lime glass

(SLG) using radiofrequency and DC-sputtering methods, respectively. The as-synthesized ITO/Ag/ITO multilayer thin

films were analyzed using 4-point probe, UV-Visible spectroscopy, and Hall measurement. We observed a rapid increase

in electron concentration with increasing Ag thickness. However, electron mobility decreased with increasing Ag

thickness. Finally, ITO/Ag/ITO multilayer thin films showed a characteristic low sheet resistance of 18 </sq and high

optical transmittance value (80%) with variation of Ag thickness (5~10 nm).
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Fig. 1. Boltzmann relation of electron density, mobility and

hence, conductivity [8].
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Table 1. Deposition parameters of RF and DC sputtering.

Target ITO Ag
Power (W) RF 100 DC 100
Power density (W/cm2) 1.23
Substrate temp. Room temp.
Target to subs. distance (mm) 70
Ar gas flow rate (sccm) 30
Base pressure (Torr) < 1.2x10 6
Working pressure (Torr) 8x10 3
Ag
ITO
ITO

SLG substrate

Fig. 2. Schematic of ITO/Ag/ITO multilayer structure.
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Fig. 3. Optical transmittance spectra of Ag thin films with
thickness; Ag(1)=4.5 nm, Ag(2)=9.0 nm, Ag(3)=13.5 nm.
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Fig. 4. Sheet resistance, A and resistivity, p of the Ag thin

films with thickness.
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Fig. 5. Comparison of transmittance spectra of ITO(t)/Ag(n)/
ITO(t) thin films on SLG deposited; Ag(0)=0 nm, Ag(1)=4.5
nm, Ag(2)=9.0 nm, Ag(3)=13.5 nm. (a) t=30 nm and (b) t

=50 nm.
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Fig. 6. Average optical transmittance, 7;,,(400~1,000 nm) and
sheet resistance, A7 of ITO/Ag/ITO multilayer thin films with
Ag thickness.
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Fig. 7. Carrier mobility of ITO/Ag/ITO multiayer thin films
with Ag thickness.
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Fig. 8. Electron density(n) of ITO/Ag/ITO multiayer thin films
with Ag thickness.
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